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1.0 PIIBOwlCTION 

This geotechnical and radiologic characterization of the m i l l  area, m i l l  
t a i l i ngs  areas, and peripheral properties surrounding the inactive uranium 
m i l l s i t e  a t  k n t i c e l l o ,  U t a h ,  was conducted by Bendix F ie ld  Engineering 
Corporation (Bendix) f o r  the U.S. Department of Energy (DOE) under the Surplus 
F a c i l i t i e s  Management Program (sFB6p) . The data presented i n  t h i s  report  are  
supglementaig t o  other Characterization studies performed and a re  i n  support 
of engineering desiga f a  remrdiaP ac t iv i t i e s ,  

A Quali ty  Assurance Field Beadiness R e v i e w  was conducted by Bendix Field 
Engineering Corporation on 27 August 198S a t  the DOE Grand Junction Projects 
Office. Fieldwork was conducted a t  the b n t i c e l l o ,  Utah, s i t e  from 3 t o  13 
September 1985 and frcm 4 t o  15 November 1985. 

Fox a detai led description of the Monticello mi l l s i t e ,  including location, 
history, and current geologic and hydrologic conditions, refer  to  the 
Monticeflo Remedial Action Proiect  S i t e  h a f v s f s  IBc~ort (Abramiuk and others, 
$984). For additional information selated t o  t b e  Properties surrounding the 
m i l l  s i t e ,  r e f e r  t o  the h d i o l o n i c  Chrac te t i za t ioa  of the PeriDheral 
Prouerties Adjacent t o  the Monticello. Utah. Mi l l s i te  (Marutzlq and others, 
1985). For additional infonnation re la ted  t o  moisture and mineral content of 
the ta i l ings  r e fe r  t o  the Monticello, Utah. M i l l  Ta i f  inns Dri l l inn and 
SanrpD1 inn Proi ect S u r v e y  Analysis, Internal Document (Bendix F ie ld  Engineering 
Corpora tion, 1980) 

The 78-acre Monticello m i l l s i t e  (see Figure 1) is located j u s t  southeast of 
the  C i q  of b n t i c e l l o  i n  Scn Juan thmtYD Utah. 
Tmmhip 33 South, Range 23 East, and Section 31, TrranSeip 33 South, Range 24 
&st ( S a l t  Lake Meridian). Mi l l s i te  elevations range from 6990 f e e t  a t  the 
northwest corner to 6820 f e e t  a t  the southeast corner. 

It Pies i n  Section 36, 

The m i l l  area covers approximately 11 acres and the tailingsimpooodment area 
covers the remaining 67 acres. Aa estimated 182,000 cubic yards (ydr)  of 
contaminated material have been ident i f ied  i n  the former area, and 1,428,000 
cubic yards (ydf)  of t a i l i ngs  and contaminated s o i l  i n  the tailings- 
impoundment area, "&e t a i l i ngs  are contained i n  four p i les :  the Carbonate 
Tailings P i l e  c w e r s  7.7 acres, the Vanadium Tailirrgs P i l e  c w e r s  3.7 acres, 
the East Tailings P i l e  covers 16.6 acres, and the Acid Tailings P i le  covers 
9.2 aczeso A l l  of the p i l e s  cmsrently have a vegetative cover consisting of 
a l f a l f a  and mixed native grasses. 

W i n g  the period of m i l l  operation, land t o  the north, vest ,  and south of the  
t a i l i ngs  area was leased fa the stockpiling of ore. These o re s tockp i l e  
areas remain contaminated, and contain the majority of the estimated 293,000 
yd' of peripheral property material that  w i l l  be excavated a s  par t  of t h i s  
proj ec t e 
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Figure 1 .  Borehole and Tai l ings  P i l e  Locations a t  the Monticello, Utah, 
M i l l  s i t e  



The t o t a l  area of the Idonticello peripheral  propert ies  encampasses approxi- 
mately 1 square mile surrounding the mi l l s i te  and t a i l i n g s  p i l e s ,  excluding 
the r e s iden t i a l  propert ies  t o  the northwest. Peripheral  area elevations range 
frcns 6700 t o  7000 f e e t  above sea level .  An estimated 293,000 yd3 of 
contaminated mater ia l  has been iden t i f i ed  on the peripheral  properties.  

The peripheral  property areas  north and e a s t  of the m i l l s i t e  a r e  used mainly 
f o r  ag r i cu l tu ra l  purposes ( i o e o ,  grazing, stockponds, and a l f a l f a  f i e l d s )  and 
include some residences. 

West of the m i l l s i t e ,  thick oak brush and wild roses  cover most of the area 
from Highway 163 t o  the v e s t  fence, except for the o r e s t o r a g e  and ore-buying 
area i n  the northwest and the former housing area t o  the southwest. 

The area south of the m i l l s i t e  is  used f o r  grazing, and i s  o themise  
undisturbed. 
brush, except i n  the south o r e s t o r a g e  area where the or iginal  topsoi l  was 
removed some years  ago; vegetation i n  this l a t t e r  axea cons is t s  of smaller 
plants  such a s  sagebrush. 

The dominant vegetation comprises cedar and pine t r ees  and oak 

A potent ia l  borrow area f o r  obtaining cover material  for the t a i l i ngs  p i l e s  
was included as part  of t h i s  study, and i s  located approximately 1 r i f e  eas t  
of the m i l  1 si t e  . 
2,2 PROCEDURES 

The geotechnical and radiologic  character izat ion of the s i t e  was performed i n  
accord with protocols es tabl ished i n  the WTRA (Uranium M i l l  Tail ings Remedial 
Action) Program S i t e  Cgaracter i ta t ion Radiologic Field Measurements Proce- 
dures Manual, (Bendix F ie ld  Enginering Corporation, 1985b), spec i f ica l ly  the 
following procedures: 

e Section 4.1, 'Spectral  Gamma (WT) Borehole Logging,' Rev. No. 03, dated 14 

e Section 4.3, 'Portable Total-Cormt Logging of Augered Holes,' Rev. No. 02, 

o Section 5.2, 'Split-Barrel Sampling,' Rev. No. 03, dated 14 June 1985. 
e Section 5.3, 'Soil  Iden t i f i ca t ion  and Class i f ica t ion , '  Rev. No. 02, dated 14 

B Section 5,4, 'Test-Pit Sampling,' Rev. No. 02, dated 14 June 1985. 
6 Section 5.6, 'Shelby ThirWall  Tube Sampling,' Rev. No. Of, dated 14 June 

June 1985. 

dated 14 June 1985. 

June 1985. 

1985 . 
2.3 GplEBBL 

A t o t a l  of 22 auger boreholes (85-1 through 85-22) were d r i l l ed :  13 boreholes 
were d r i l l e d  i n  the t a i l i n g s  p i l e s ,  3 boreholes i n  the m i l l  area,  2 boreholes 
in the borrow area, and 5 boreholes in the peripheral  properties.  Borehole 
loca t ions  are  presented i n  Table 1 and are  shosn in  Figure 1. 

A l l  boreholes were d r i l l e d  and downhole logged f o r  determination of radium-226 
concentration. I f  downhole logsing indicated the presence of Ba-226 contami- 
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Table 1. Borehole Locations a t  the Monticello Mi l l s i t e  

Bor ehol e Grid Coordinates Surf ace 
Number North East Elevation ( f t )  

85-01 
85-02 
85-03 
85-04 
85-05 
85-06 
8s-07 
85-08 
85-09 
85-10 
85-11 
85-11 
85-13 
85-14 
85-15 
85-16 
85-17 
85-18 
85 -1 9 
85-20 
85-21 
85-22 
85 -23 
85-24 
85-25 
85-26 
85-27 
85-2 8 
85-29 
85-30 

11060 -0 
l088Q .O 
10882 .O 
11090 00 
11150 .o 
10840 ,O 
10750 .O 
10750 .O 
11001 00 
10430 .O 
10180 .o 
10090 .o 
11326.5 
11270 .O 
10115 .o 

9798 .O 
10035.0 
10365 .O 

9360 .O 
10760 .O 
10160 .O 
11285 .5 
11294 .o 
11276 .5 
11106 .5 
11301.5 
11165.5 
10795 .O 
10603.5 
10175 .O 

21250 .o 
21300 .o 
21011 .o 
21740 .O 
21900 .o 
22250 00 
22660.0 
23140 .O 
22850 .O 
21890 .O 
21800 .O 
22001 0 0 
21025.5 
20400 .o 
28534.5 
29447.0 
25005 .o 
23605 -0 
21405.0 
20705 ,O 
20205 00 
21720.5 
22143 3 
23107 05 
20691 .O 
21967.5 
20934.5 
21085 -0 
21652 ,O 
21550 .O 

6897.2 
6898.5 
6871 .5 
6875 .9 
6874.6 
6850.9 
6848.6 
6849.9 
6850.3 
6896.8 
6896.1 
6897.4 
6934.7 
6982.4 
6841.5 
6820.0 
6782.2 
6803.8 
6937.2 
6871.3 
6884.8 
6880 .O 
6877.9 
6 868.4 
6912.1 
6880 .5 
6905.6 
6876.2 
6866 .O 
6888 .O 

nation i n  excess of 15 picocuries per gram (pCi/g) a t  the bottom of the hole, 
d r i l l i n g  and logging continued a t  5-foot increments u n t i l  a 15 pCi(Ba-226) l g  
limit was reached. 

A t  l e a s t  f i v e  3-inch m e x s i z e b a r r e l  samples were col lected from each borehole 
i n  the t a i l i ngs  p i l e s ,  mill area, and barrow area. One 3-inch outside diame- 
t e r  (OD) Shelby tpbe sample, sealed and capped, was a l so  col lected from each 
borehole i n  the t a i l i n g s  piles.  Lithologic logs of borehole sp l i t -bar re l  
samples were completed using methods and procedwes of the Unified Soil  
Class i f ica t ion  Systm and American Society f o r  Testing Materials (ASTM) 
standard penetration t e s t s .  

wdrogeologic information was obtained by coring e ight  addi t ional  boreholes 
(85-23 through 85-30). These boreholes were d r i l l e d  along the boundary of the 
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r i l l s i t e  and continuous NX* core samples were obtained i n  the bedrock. 
s i t u  permeability tests were performed i n  f i v e  of the boreholes. 
shows the locat ion of boreholes on the r i l l s i t e  property. P l a t e  1 shaws the 
loca t ion  of a l l  the boreholes d r i l l e d  during the  geotechnical and radiologic  
characterization. 

IP 
Figure 1 

Test p i t s  were dug a t  each borehole loca t ion  i n  the peripheral  property area. 
n o  5-gallon s o i l  samples were obtained fmm each t e s t  p i t ,  One t e s t  p i t  was 
a l so  dug w i t h  a backhoe i n  each of the four t a i l i ngs  p i l e s  t o  a maximum depth 
of 15 f ee t ,  Four bulk samples were col lected frcm each t e s t  p i t :  one surface 
(%-foot depth) sample, one sand tail ings tiample. one slime sample. and one 
sand/slirne mix sample. 

Sediment samples from the streambed of Montezuma Creek. downstream from the 
s i t e ,  were col lected from s i x  loca t ions  i n  5-gallon buckets. Locations of t h e  
streambed samples a r e  l i s t e d  i n r  Table 2. 

Table 2, Location of Test P i t s  i n  the Montezuma Creek Streambed 

S ta t ion  Grid Coordinates 
North East 

9261.5 27443 .o 
+loo0 8823.5 28668 -0  
+200Q 8602.5 29624 .O 
+3 500 8150 .Q 30876 .O 
+SO00 aa140o 3257 5.5 
+6 500 7781 .Q 34011 .O 

ZERO 

2.4 ANALYSIS OF SAMPLES 

Zaae following analyses were performed on the col lected s o i l  samples: 

e 
e 
e 
Q 

e 
e 
e 
9 

0 

e 
0 
6 

DrgrBPlk Densi ty 
Radon Emanation 
Radium-226 Concentration i n  Soi l  
Moisture Content 
American Society fo r  Testing Materials (ASlma) D422 P a r t i c l e  Size 
ASTM D698-78 Moistrue-Density Relations (Proctor) 
MTM D854-83 Specific Gravity of Soi l s  
ASTM D232568 or  3152-72 Capillary-Moisture Rela t ionships 
ASTN D2434-68 Constant-Head Permeability 
LIsaae D2435-80 One-Dimensional Consolidation 
AS= D248'7-83 Class i f ica t ion  of So i l s  
ASTM D4318-83 d t te rberg  Limits ( l i q u i d  l i m i t ,  p l a s t i c  l i m i t ,  and p l a s t i c i t y  
index) 

+NX = outside diameter 3-112 inches, inside diameter 3-3/16 inches. 
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A t o t a l  of 83 spl i t -barrel .  12 Shelby tube, and 16 tes t -pi t  samples were 
collected i n  the t a i l i ngs  pi les .  Ten spl i t -barrel  samples were col lected i n  
the m i l l  area, and 11 spl i t -barrel  and 10 test-pit  samples were col lected from 
the peripheral  properties.  
potent ia l  borrow site: 7 spl i t -barrel ,  2 ter t -pi t ,  and 1 Shelby tube. Six 
tes t -p i t  samples were col lected from the streambed of Bbntezmna Creek, 
downstream fram the m i l l s i t e ,  and 10 continuous core samples i n  bedrock were 
col lected along the-northern boondary of the mi l l s i t e .  

A t o t a l  of 10 samples were col lected a t  the 

A t  the millsi te,  three 5-gallon tes t -pi t  samples of t a i l i n g s  were col lected a t  
each t a i l i n g s  p i le :  one sample each of slime, sand, and sandlslime mix. n e s e  
12 samples were analyzed f m  bulk-diffusion coef f ic ien t  a t  three moisture 
contents a t  90 percent of standard Proctor density. Sixty spli t-barrel  
saatples of t a i l i ngs ,  col lected a t  rand- depths, were analyzed f o r  radow 
emanation f rac t ion ,  radium-226 concentration, and moisture content. Four 
tes t -pi t  samples, col lected from the s u d a c e  cover of each t a i l i n g s  p i l e ,  were 
analyzed f o r  gradation and mois turedens i ty  r e l a t ions  (Proctor) for  so i l  
c l a s s i f i ca t ion  purposes. Tbelve Shelby tube samples of t a i l i n g s  were tes ted  
fo r  one-dimensional -consolidation, dry-bulk density,  Atterberg L i m i t s ,  capil- 
lary-moisture re la t ionships ,  and spec i f ic  gravity.  

Test-pit samples col lected a t  f i v e  locat ions i n  the peripheral  property areas  
were analyzed f o r  bulk-diffusion coeff ic ient ,  one-dimensional consolidation, 
dry-bulk density,  Atterberg Limits, and capillary-moisture re la t ionships .  
Specific gravity, gradation, Proctor, and radon-emana t ion  f r ac t ion  were 
analyzed from spli t-barrel  samples col lected a t  each of the f i v e  peripheral  
property locations.  Five-gallon samples taken a t  s i x  loca t ions  i n  the s t reanr  
bed of M0ntez-a Creek were analyzed f o r  gradation. - 
Eight spli t-barrel  samples taken from two boreholes i n  the potent ia l  borrow 
area were analyzed f o r  bulk-diffusion coeff ic ient .  One Shelby tube sample 
from the borrow area was t e s t ed  f o r  one-dimensional consolidation, dry-bulk 
density, Atterberg L imi t s ,  capillary-moisture re la t ionships ,  spec i f ic  gravity,  
and gradation c l a s s i f i ca t ion  of so i l s .  Drill-hole cu t t ings  from the two 
borrow area sample locat ions were tes ted f o r  moisture-density r e l a t ions  
(Proctor).  

3.0 RADIOLOGIC ASSESSMENT 

The measurement techniques and procedures used f o r  the Monticello Remedial 
Action Project engineering character izat ion were based primarily on procedures 
developed by the DOE Division of Remedial Action Projects  (DBAP) Technical 
Measurements Center (IXC) and on f ield-implementation experience gained from 
the radiologic character izat ion of the  Monticello peripheral  propert ies  
(Marutzw and others,  1985)  and the Grand Junction Tailings P i l e  (Bush and 
Bonnet, 1984) . 
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3.1.1 Dr i l l i nn  and Smul ing 

Borehole d r i l l i n g  was accomplished using standard geotechnical techniques with 
a truck-mounted CME-55 auger r i g .  Holloorstem augers [7-1/4 inch outs ide 
diameter (OD) by 3-1/4 inch inside diameter (ID)] were used t o  d r i l l  t o  t o t a l  
depth i n  each hole. 
logging operations t o  prevent hole collapse and t o  ainimize smearing of any 
dawnhole contamiaation. The re t r ievable  center b i t  used during d r i l l i n g  
prevented contamination within the auger i t s e l f .  
f o r  radiologic  logging. 

Augers were l e f t  i n  place i n  the hole during radiologic  

The center b i t  was remwed 

"he boreholes were dr ive  sampled using spl i t -barrel  samplers (3-inch OD by 24- 
inch length aad 2-inch OD by 24-inch length) and Shelby tube samplers ( a s  
presented i n  Section 4.1.2). The spli t-barrel  sampler was attached t o  She 
d r i l l  rods and lowered through the hollow stem. 
attached t o  the d r i l l  rods and used t o  dr ive the sampler i n t o  undisturbed 
so i l .  After the sampler was ra i sed  t o  the surface,  the s p l i t  bar re l  was 
opened, and approximately 3 inches of the top of the sample was discarded. 
The sample was cut  longitudinally,  l i t ho log ica l ly  logged, and placed i n  a 
sample bag labeled w i t h  the borehole number, sample number, sample depth, and 
sample t i cke t  number. The top of the sample bag was folded twice and stapled 
shmt t o  r e t a i n  moisture. 

A 14O-pormd drop weight was 

The boreholes were d r i l l e d  and sampled t o  the estimated depth. Once the 
borehole was advanced t o  this depth, a geoplrysical logging too l  was lowered t o  
the bottom of the hole. The hole was deepened i f  the resu l t ing  measurement 
indicated a Ea-226 concentration i n  excess of 15 pCi/g above background [the 
Environmental Protect ion Agency (EPA) standard f o r  subsurf ace contamination i n  
any 15-centimeter thick layer].  Additional d r i l l i n g  was performed and 
measurements were made amti1 the e 2 2 6  concentration a t  t h e  bottom of the 
hole was l e s s  than 15 pCi/g above background or refusal .  The augers were l e f t  
i n  place for geophysical logging. 

Once geophysical operations were completed, hole abandonment f o r  a l l  boreholes 
was accauplishcd by f i l l i n g  the hole with auier cut t ings.  
encountering subsurface water were plugged with bentonite t o  She f l u i d  leve l ,  
and subsequently f i l l e d  with auger cut t ings,  

Those boreholes 

The American Society fo r  Testing Materials (ASTM) standard penetrat ion t e s t  
was conducted during drive sampling. Xodifications involved using a s p l i t -  
bar re l  sampler with a 3-inch OD t o  ensure tha t  enough sample volume was 
obtained f o r  radium analysis.  The sampler was driven with blows delivered by 
dropping a 140-pound weight a v e r t i c a l  distance of 30 inches. The number of 
blows required t o  drive the sampler through each 6-inch increment was recorded 
on She l i t ho log ic  logs (see Appendix A). 

3 .I .2 Badioloaic and Moisture Aaalvsi 3 

Following t ranspor t  t o  the DOE Grand Junction Pro jec ts  Office, selected s o i l  
samples t o  be analyzed by the Bendix Analytical Laboratory f o r  r a d i w 2 2 6  were 
weighed, dried, reweighed, crushed and ground t o  -28 mesh, blended, and sealed 
in  sample cans. The difference i n  weight a f t e r  drying, loss-on-drging (LOD) 
in percent, was recorded f o r  the samples. The samples were stored f o r  a t  
l e a s t  21 days t o  allow She radon and radon daughters t o  reach equilibrium with 
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any radium present. The samples vere  analyzed f o r  radium-226, thorium-232, 
and potassium using h ig t r reso lu t ion  geananium gamma-ray-spectroscopy systems 
(Dechanf and DoPivan, 1984). 

3.1.3 Diseouilibrium 

The amouat of disequilibrium between radium and i ts  radon daughters was 
determined from labora tow ana lys is  of borehole samples. The samples were 
processed ' as  is' , without crushing or d r y i n g ,  and sealed i n  cans. 
lent-radimn concentrations were measured a t  2 t o  12 hours a f t e r  canning, and 
again a f t e r  6 days. 
calculs  t ing  the radium concentra t i on  a t  disequilibrium and a t  equilibrium, 
using the standard equa.tions far ingrorth and decay of the various isotopes 
ixwplvad (Marutze and othexs, 1983; Evans, 1980; Scot t  and Dodd, 1960). 
Following disequilibrium measurements, the samples were processed f o r  gamma- 
ray-spectroscopic dttenaina t ion of radi-226, thori-232, and potassium (see 
Section 3.1.2). 
daughters i n  the analyzed samples i s  36 percent, which i s  consis tent  with 
resrrl t r  found i n  h r u t z w  and others (1985). 

4rriva- 

Estimates of the radon-disequilibrium r a t i o  were made by 

The average disequilibrium bemeen radium and i t s  radon 

3 -1.4 L i t h o l o ~ i c  Borehole-LonniPn Procedures 

A l i t ho log ic  log was prepared foo each borehole from which the sp l i t -bar re l  or 
Shelby tube samples were taken. m e  l i t ho log ic  logs a r e  presented i n  Appendix 
A. Standard penetration tests a re  a l so  noted on the l i t h o l o g i c  logs. 'Ihe 
subsurf ace mater ia l s  a r e  c l a s s i f i e d  i n  accord w i t h  the Unified Soi l  Classif i- 
cat ion System (U.S. Bureau of Reclamation, 1974). 

3 .I .5 Geomhysical Bo+ebOle&ERinR Procedures 

Boreholes accessible by two-wheel-drive t ruck were logged using a Bendir 
c q a t e r - b a s e d  geophysical logging (Campdoggar) system. The probe, which 
contains a 2-inch diameter by 6-iach length sodium iodide detector,  was r a i sed  
f r m  the bottom t o  the top of the borehole a t  an approximate r a t e  of 1.5 f e e t  
per minute. Data were recorded a t  each 0.5-foot in te rna l .  Bepeat logs were 
made of the en t i r e  borehole t o  confina the measurements obtained during the 
main logging phase. 

The gamma-ray detect ion system was operated io a l i n e a r  (energy-proportional) 
mode. Uphole electronics  provided system-gain s t ab i l i za t ion  by monitoring the 
835-keV gammrrray peak from a manganese-54 source contained in the probe. 
Pu l sehe igh t  data  were col lected from three single-channel-analyzer (SCA) 
w i n d o w s  corresponding t o  the pr incipal  energy peaks from the decays of potas- 
s i n n  radium, and thorium. Data f r m  a four th  SCA window, the total-count 
riadow (1050 to  3000 keV), were col lected t o  provide s t a t i s t i c a l l y  impruved 
radium concentrations. The col lected data  were manually entered in to  the data 
base of a Zenith 2-100 portable  computer and manually ve r i f i ed  i n  accord with 
approved qua l i ty  assurance procedures. 

To detemrine radium concentrations frtm the total-count channel, the count 
r a t e s  were f i r s t  corrected for at tenuat ion due t o  formation moisture content 
(Marutze and others,  19851, borehole f l u i d  (if present) ,  and auger casing and 
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auger j o i n t  e f f e c t s  (see Appendix B). 
contr ibut ions from potassium and t h o r i m  concentrations. The data were then 
s p a t i a l l y  deconvolved (George and Price,  1982). 

A correct ion was a l so  applied f o r  

In areas  not acoessible by --heel-drive truck, logging was performed using 
a portable grosscount  system. 
f i e l d  surpey meter (RASCAL) connected by 20 f e e t  of cable t o  a waterproof 
Eberrline Model SPA-3, 2-inoh-bg-2-inch sodium iodide detector.  IBe system 
operates on a coaflting plateau i n  a groas-somt mode, which corurts a l l  gamma 
rays  with energies exceeding approximately 30 Ice?- 

The system cons is t s  of an Eberline Model PRS-1 

The de tec tor  vas  manually lowered t o  the bottom of the borehole i n  Q.5-foot 
increments, w i t h  30-second measurements recorded a t  each stop. m e  detector 
was subsequently ra i sed  t o  the top of the borehole i n  0.5-foot interrrals a s  
the repeat 108. The data were manually entered i n t o  the data base of a Zenith 
2-100 portable computer and manually v e r i f i e d  i n  accord with approved qua l i ty  
assurance procedures. 
described f o r  the truck-mounted logging system) f o r  average moisture content, 
p o t a s s i m  and thorium concentxations, and auger casing and auger j o i n t  
e f fec ts ,  and the data  were s p a t i a l l y  deconvolved (see Appendix B). 

The entered and v e r i f i e d  data were corrected ( a s  

To deteraine the rlediprsp conceptration from the corrected corn$-rate data 
measured i n  the formation, the computer psogram L0GCAL.C (Showalter, 1986) was 
u t i l i zed .  T&e LOGCBLC program uses the ca l ib ra t ion  coef f ic ien ts  determined i n  
the models maintained by the DOE Grand Junction Pro jec ts  Office (George and 
Knight, 1982). 

Both loggi-ng systems were ca l ibra ted  a t  the DOE Grand Junction Pro jec ts  Office 
ca l ibra t ion  f a c i l i t i e s  once every 6 months. hstr l lment  response f i e l d  checks 
were made before use each day, and the results were monitored f o r  compliance 
with qual i ty-control  limits establ ished on the s t a t i s t i c a l  bas i s  of previoas 
response checks. 

The borehole numbers, coordinates, elevations,  log depths, and f l u i d  l e v e l s  of 
the 22 auger holes d r i l l e d  are presented i n  Table 3. The boreholes were logged 
with a Compulogger System 1815, unless noted otherwise. A t o t a l  of 554.5 fee t  
of s o i l  was d r i l l e d ,  of which 274 f e e t  were sampled. S ix ty-s i r  samples were 
analyzed f o r  radium-226 , thorium-232, potassium, disequilibrium, and moisture 
content (LOD) ( see  Tables 4 and 5) .  Cross sections depicting the composition 
and subsurface contamination of each of the t a i l i ngs  p i l e s  a r e  shown i n  
P la te  2. A summary of borehole contamination is  presented i n  Table 6. 

3.2.1 Acid Tai l inas  P i l e  

n e  sand c w e r  of the Acid Tai l ings P i l e  ranges in thickness from 2.0 f e e t  t o  
2.5 f e e t  i n  Boreholes 85-10, 85-11. and 85-12 ( r e f e r  t o  Cross Section k A  on 
Pla te  2) .  Clay (slime) t a i l i ngs ,  w i t h  some interbedded sand layers,  a re  
piedaninant i n  Boreholes 85-11 and 85-12. The slimes vary i n  color (red,  
black, purple, and yellow), which may be the r e s u l t  of the type of ore pr- 
cessed. Borehole 85-10 contains l aye r s  of primarily sand t a i l i ngs ,  which a re  
onderlain by a l l u v i a l  clay and gravel. Depth t o  in te r face  of the t a i l i n g s  and 
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Table 3. Summary of Borehole Data f o r  the Monticello Y i l l s i t e  

Bor ehol e Elevation Log Depth Fluid Level 
Number ( f t )  ( f t )  ( f t )  

85-01 
85-02 
8543 a 
85-04 
85-0 5 
85-06 
85-07 
85-08 
85-0 9 
85-10 
85-11 
85-12 
85-13b 
85-14c 
85-1 5 
85-16 
85-17' 
85-1 8 
85-19 
85-2OC 
85-21= 
85-22 
85-23 
85-24 
8S-2Sb 

6897 .2 
6898.5 
6 871 -5 
6875.9 
6874.6 
6 850.9 
6848.6 
6849.9 
6850.3 

68% .1 
6897.4 
6934.7 
6982.4 
6841.5 
6820.0 
6782.2 
6803.8 
6937.2 
6871.3 
6884 .8 
6880 .O 
6877.9 
6868.4 
693.2.1 

6896 08 

49 .o 

14.4 
28.5 
18.5 
32 .5 
37 .O 
48.5 
35 05 
46.5 
37 00 
35 05 
8 -6 
9 05 

35 .5 
16 .O 
13 .O 
8.9 
4.4 
4 a 5  

3.2 .8 
Not Logged 

29 00 
5 1  .s 
5.6 

42 .0 

'Logged with Compulogger 1815 and RASCAL C-3958s. 
bLogged with RASCAL C-3572s. 
Xogged with RASCAL C-3958s. 

the  or iginal  surface i s  shown on the  l i t ho log ic  logs (see Appendix A); the 
interface is a lso  indicated on the geophysical logs (see Appendix B),  and f o r  
most boreholes these two types of logs agree. The radiologic  logs indicate  
tha t  the clay (slime) layers  contain higher concentrations of radium than the 
sand layers.  The radium concentrations of the slimes range from 700 t o  1100 
pCi (Ra-226)/g, w i t h  a moisture content range of 29.0 t o  44.6 percent. The 
radium concentrations of t h e  sand t a i l i n g s  range from 400 t o  600 pCi(Ba- 
226)/g, with an average moisture content of 13.0 percent (see Table 5) .  The 
depth of the subsauface contaminationD >16 pCi(eRa-226) /g* above background a s  
determined f r m  the geophysical logs, is presented i n  Table 6 and Appendix B. 
Contamination extends bel- the  t a i l i n g s  in te r face  t o  a t o t a l  depth of 16.0 
f e e t  i n  Borehole 85-12, 32.0 f e e t  i n  Borehole 85-10, and 33.0 f e e t  i n  Borehole 
85-XI. 

-or purposes of t h i s  study, r a d i m e t r i c  measurements made. ind i rec t ly  by 
measurement of rad ia t ion  from sources other than the decay of the nuclide of 
i n t e r e s t  a r e  repoited a s  'equivalentD concentrations, denoted by an ' e '  
prefix,  i. e. l pCi(e8a-226) /g .  
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3.2.2 East Tailinas P i l e  

Boreholes 85-06, 85-07, 85-08, and 85-09 were dr i l l ed  i n  the East Tailings 
P i l e  (refer to Cross Section E E  on Plate 2). Thickness of the clay cover 
varies  from 1.5 f e e t  i n  Borehole 85-07 t o  7.0 f e e t  i n  Borehole 85-08. where 
materials fram the v ic in i ty  properties were disposed. Lithologic logs show 
interbedded sand ta i l ings  and clays (sl imes) in  Boreholes 85-48 and 85-09, 

Table 4. GaaunrBay-Spectroscopy Data for  Soi l  Samples 

Grid Concentra tiona 
Borehole Coordinates Depth Sample Ba-226 Thorium Potassium 

Number North East ( f t )  (MKB No.) (D C i /  x 1 (DDd ( 5 )  

85-01 

85-02 

85-25 

85-05 

85-04 

85-13 

85-06 

85- 07 

85-09 

11060 

10880 

11107 

11150 

1109Q 

11327 

10840 22250 

10750 

21250 8-10 
10-12 
19-21 
29-31 
34-36 

21300 4- 6 
14-16 
24-26 
3 4-3 6 
44-46 

20691 0- 2 
2- 4 

21900 2- 4 
4- 6 
8-10 
10-12 

2174Q 8-10 
10-12 

21026 2- 4 
0- 3 
4-6 
4- 6 
6- 8 
10-12 
14-16 

22660 4- 6 
14-16 
2 626 
29-31 
6- 8 
8-10 

Io-12 
12-14 

11001 22850 

6 53 
654 
6 56 
658 
6 59 
6 62 
664 
666 
668 
6 70 
672 
673 
676 
677 
679 
680 
6 83 

6 86 
6 87 
6 88 
690 
6 91 
6 93 
6 95 
698 
700 
702 
7 04 
7 07 
70 8 
709 
710 

684 

517 1: 40 < 124 < 2,s 
1308 2 101 < 237 < 5e1 

398 2 31 < 78 < 1,s 

1421 5 110 < f < 5 2  
766 2 59 < 154 < 3.1 
1'796 5 139 < 454 < 8.9 
425 5 33 < 94 < 2.0 
408 2 32 < 97 < 1.9 
399 5 31 < 81 < 1.6 

597 2 46 < 133 < 2,6 

3 1 :  1 < 4  3,4 5 0.9 

53 4 < 14 1.8 5 1.0 
28 2 2 < 10 1 3  5 1.0 

5 5  1 < 3 2.0 5 1.1 
lOQ7 2 78 < 251 5 .O 

5 2  1 < 6 1.3 5 1.1 
772 5 60 < 211 < 3.8 
225 2 17 < 28 < 1.0 
1 4 5  1 < 4 2.0 2 1.0 
5 + 1 <  3 2.4 2 0.9 
1 5 2  1 < 8 1.4 5 0.9 
415 5 32 < 101 < 2.0 
340 2 25 < 68 < 1.4 
381 5 27 < 59 < 1.3 
224 5 16 < 42 < 0.9 
480 5 35 < 70 < 1.5 
1443 2 105 < 320 < 6.1 
643 2 47 < 127 < 2.6 

5 2  1 < 2 3.4 2 0.3 
74 f. 5 < 13 2.7 5 0.4 

1243 2 90 < 105 < 4.5 
2 5 1 :  2 < 6 2.9 If: 0 0 3  
1 4 5  1 < 2 3.0 2 0 . 3  

'A less-than sign ( < I  indicates that the minimum detection limit based 
on Coanpton background was teashed. 
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Table 4 (continued). Gaama-Bay-Speatroscopy Data for Soil Samples 

Grid Concentr a t i  ona 
B or ehol e Coordinates Depth Sample Ba-226 Thorium Potassium 

Number North East ( f t )  (Mgs No.) (D C i /  B 1 ( U r n )  (#I  

85-08 

85-10 

85-12 

85-11 

85-03 
85-20 
85-21 

85-19 
85-14 

85-17 
86-1 8 

10750 

10430 

10090 

10180 

10882 
10760 
10160 

9360 
11270 

10035 
10365 

23140 

21890 

22001 

21 800 

21011 
207 05 
20205 

21 405 
20400 

2 5005 
23605 

10-12 
14-16 
16-1 8 
18-20 
20-22 
9-11 
14-16 
19-21 
24-26 
31-33 
6- 8 
8-10 
10-12 
12-14 
16-18 
6- 8 
8-10 
10-12 
12-1 4 
14-16 
16-18 
4-6 
2- 4 
2- 4 
5- 7 
2- 4 
0-2 
2- 4 
4-6 
6- 8 
8-10 
2- 4 
2- 4 

7 13 
715 
7 16 
7 17 
718 
72 4 
725 
726 
727 
729 
733 
734 
735 
736 
738 
7 42 
7 43 
744 
7 45 
746 
7 47 
7 50 
7 54 
7 57 
758 
760 
761 
762 
763 
764 
765 
767 
769 

291 2 21 
1759 2 128 
1451 2 105 
1527 2 111 
1646 2 120 
434 2 31 
1224 2 89 
964 2 70 
1553 2 120 
213 2 17 
1178 2 91 
1211 2 110 
1470 2 134 
962 2 87 
61 2 6 

1460 2 132 
1573 2 143 
1521 2 139 
1398 2 127 
1483 2 134 
1637 2 149 

6 2  1 
3 2  1 
79 2 7 
9 2  1 
2 2  1 
3 2  1 
2 2  1 
4 2  1 
2 2  1 
3 2  1 
2 2  1 
78 2 7 

< 60 
< 276 
< 287 
< 306 
< 304 
< 69 
< 235 
< 168 
< 266 
< 53 
< 316 
< 277 
< 325 
< 422 
< 9  
< 492 
< 362 
< 578 
< 487 
< 570 
< 522 
( 5  
< 4  
< 19 
( 6  
< 4  
< 5  
< 12 
< 16 
< o  
< o  
< o  
< 25 

< 1.1 
< 5.9 
< 5.1 
< 6.6 
< 7.8 
< 1.5 
< 5.0 
< 3.5 
< 5.3 
< 1.0 
< 6.3 
< 5.1 
< 6.0 
< 7.8 
< 0.2 
< 9.1 
< 6.7 
< 10.7 
< 9.0 
< 10.5 
< 9.6 

2.2 +. 0.5 
2.8 2 0.5 

2.1 2 0.5 
< 0.4 

< 0.1 
< 0.1 
< 0.2 

< o  
0.8 5 0.4 

2.2 2 0.5 
2.5 2 0.5 

< 0.5 

*A less-than sign (< )  indicates that  the m i n i m =  detect ion limit based 
on Compton background was reached. 



Table 5 .  Results of Measurements of Disequilibrium Between Radium and 
Its Gamma-hitting Badon Daughtefs and Moisture Content 

Grid Disequi- Moisture 
Borehole Coordinates Depth Sample Ra-226 Eibrinm LOD 

Number North East ( f t )  (luKB No.) (b ci/ I) ( W )  (%I 

85-01 11066) .O 21350 .O 

85-02 10880.0 21300.0 

85-25 1106.5 20691.0 

85-05 11150.0 21900.0 

85-04 11090.0 2144Q.O 

85-13 11326.5 21025 .S 

85-06 10840.0 22250.0 

85-07 10750 .O 22660 .O 

85-09 11001 .O 22850 .O 

85-08 10750 .O 23140 .O 

85-10 10430 .O 21890 .O 

85-12 10090 .O 22001 .O 

8-10 
10-12 
le21 
29-31 
4-6 
14-16 
24-26 
34-36 
44-46 
0- 2 
2- 4 
2- 4 
4- 6 
8-10 
10-12 
8-10 
10-12 
2- 4 
0-2 
4- 6 
4- 6 
6- 8 
10-12 
14-16 
4-6 
14-16 
24-26 
6- 8 
8-10 
12-14 
10-12 
14-16 
16-18 
18-20 
20-22 
9-11 
14-16 
19-21 
24-26 
31-33 
6- 8 
8-10 
f*12 
12-14 
16-1 8 

6 93 
654 
6 56 
658 
662 
6 64 
666 
668 
670 
672 
673 - 
676 
677 
679 
6 80 
6 83 
684 
6 86 
6 87 
688 
690 
6 91 
6 93 
6 99 
698 
7QO 
702 
7 07 
708 
710 
713 
715 
7 16 
7 17 
718 
724 
725 
7 26 
727 
729 
733 
734 
735 
736 
738 

5117 
1308 
5 97 
398 
1421 
766 
17 96 
42 5 
408 
399 
53 
38 

1007 
5 
5 

772 
225 
14 
5 
I5 
415 
340 
3 81 
224 
4 80 
1443 
6 53 
74 

1243 
14 
2 91 
175 9 
1451 
1527 
16 46 
434 
122 4 
96 4 
1553 
214 
117 8 
1211 
1470 
962 
61 

510 .1 
53 03 
46 09 
36.2 

46 -5 
22.9 
27 .5 
26.3 
8.6 
13.9 
44 *9 
60 -4 
5% .6 
68,9 
33.4 
51.5 
42.1 
44.9 
38.5 
19.4 
21.3 
25.1 
24 -5 
45.7 
14.2 
41 .O 
3% .5 

39.5 
11 .9 
24.7 
22.6 
11.7 
18 .7 
20.2 
36.5 
28.4 
30 -1 
64,2 
32,2 
21.9 
17 05 
49 -2 

34 .I 

19 07 

37 07 

7 00 
28.8 
16 .Q 
11 .1 
29.2 
9.5 
30.4 
8.4 
19 .a 
7 08 
8.2 
16.2 
20.8 
22 .o 
18.6 
24,4 
23.3 
11.2 

10.4 
12.6 ’ 

11.3 
11 .o 
20.6 
16.2 
39 e1 
27 e 5  
2% .o 
21 .5 
21.9 
17.5 
37.7 
37.6 
37,2 
37.4 
13 .O 
33.3 
29 ,O 
34 
18.3 
32.7 
33 07 
4% ,o 
35.4 
19.3 

504 



Table 5 (continued). Results of Measurments of Disequilibrium Between 
Badinm and I t s  Gamma-hitting Radon Daughters and 
Moisture Content 

Grid Disequi- Moisture 
Borehole Coordinates Depth Sample Ita-226 l ibrium LOD 

Mmber North East ( f t )  (MKB No.) (D Ci/ x 1 (%I (%I 

85-11 10180.0 21800.0 

85-17 10365 .O 23605 .O 
85-18 10035 .O 25005 .O 

6- 8 
8-10 

10-12 
12-14 
34-16 
16-18 

85-03 10882.0 21011.0 4 - 6  
85-20 10760 .O 20750 .O 2- 4 
85-21 10160 .O 20205 .O 2- 4 

5- 7 
85-19 9360.0 21405.0 2- 4 
85-14 11270 .O 20400 .O 0- 2 

2- 4 
4- 6 
6- 8 
8-10 
2- 4 
2- 4 

7 42 
743 
744 
745 
746 
7 47 
7 50 
754 
757 
75 8 
760 
761 
762 
763 
764 
765 
767 
769 

1460 
1573 
1521 
1398 
1483 
1637 

6 
3 

79 
9 
2 
3 
2 
4 
2 
3 
2 

78 

22 e 2  
26 .l 
21 -6 
20 -6 
12.8 

29.6 
41 .2 
43 .2 
32.6 
38.9 
41.1 
43.7 
44 .8  

7 01 
40 09 
36 .O 
46 .6 

19 a 2  

35 .O 
38 -1 
39.2 
37 .3 
42 .O 
44.6 
19.2 
17 .8 
8 .O 

9.6  
8 - 8  

17.7 
11 .o 
17 -9 
17.8 
10 -8 
11 .9  

7 a 1  

predaninantly sand i n  Borehole 85-06, and c lay  (slime) t a i l i n g s  i n  Borehole 
85-07. Based on t h e  l i t ho log ic  logs, interface between the t a i l i n g s  and 
or iginal  surface i s  a unique layer,  o t  marker bed, containing abundant 
organic-clay material. =is organic layer  i s  present i n  a l l  four boreholes 
d r i l l e d  i n  the East Tai l ings P i l e  and i s  underlain by clay, which i s ,  i n  turn,  
underlain by gravel. The r a d i m  concentrations of the slimes range frum 500 
t o  1100 pCi(Ita-226)/g, with moisture content ranging from 21.1 t o  39.1 
percent, depending on t h e  quantity of sand. The radium concentrations of the 
sand t a i l i n g s  range from 200 to 600 pCi(Ba-226)/g, with moisture content 
ranging from 11.0 t o  17.5 percent (see Table 5 ) .  Moisture content of t h e  clay 
subs t ra te  material ranges from 15.9 percent i n  Borehole 85-07 t o  21.9 percent 
i n  Borehole 85-09. Geophysical logging r e s u l t s  of a l l  the boreholes indicate  
contamination of the organic layer  and of the alluvium clay beluw the organic 
layer  ( r e f e r  t o  Table 6 ) .  The deepest contamination occurs i n  Borehole 85-08 
a t  a depth of 33.5 f e e t  (see Table 6 ) ,  or 5 .0  f e e t  below the t a i l i n g s  
subsurf ace . 
3.2.3 v m  dim Tailinns P i l e  

Boreholes 85-04 and 85-05 were d r i l l e d  in the Vanadium Tai l ings Pile (see 
Cross Section F V  on Pla t e  2). The clay cover ranges i n  thickness from 1.5 
f e e t  i n  Borehole 85-04 t o  5.7 f e e t  i n  Borehole 85-05. Lithologic logs indi- 
cate shal lor-depths  of ta i l ings ;  the t a i l i n g s  consist  predominantly of clay 
(s l ime) ,  with some sand found i n  Borehole 85-04. Lithologic logs indicate  an 
organic layer  a t  the interface of the t a i l i n g s  and subs t ra te  material ,  similar 
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Table 6 BozeBoBe Contamination Summary 

85-01 
85-02 
85 -03 
85-04 
85-05 
85-06 
85-07 
85-08 
85-09 
85-10 
85 -1 1 
85-12 
85-13 
85-14 
85-15 
85-16 
85-17 
85-18 
85-19 
85-20 
85-21 
85-22 
85-23 
85-24 
85-25 

b.r cn 

Carbonate  T a i l i n g s  P i l e  
Carbonate T a i l i n g s  P i l e  
Carbonate T a i l  i n g r  P i l e  
VsnadiglP T a i l i n g s  P i l e  
Vanadinm T a i l i n g s  P i l e  
E a s t  T a i l i n g s  P i l e  
Eas t  T a i l i n g s  P i l e  
East  T a i l i n g s  P i l e  
Eorb T a i l i n g s  P i l e  
Acid T a i l i n g s  P i l e  
Aaid T a i l i n g s  P i l e  
Acid T n i f i n g s  P i l e  
Mill Area 
M i l l  Area 
Borrow Atea 
Borrow Area 
P e r i p h e r a l  P r o p e r t y  
P e r i p h e r a l  P r o p e r t y  
P e r i p h e r a l  P r o p e r t y  
P e r i p h e r a l  P r o p e r t y  
Per i p h c r a l  P r  ope r t y  
Nor th  M i l l  s i t e  Boundary 
North M i l l s i t e  Boundary 
North Yi lP l s i t e  Boundany 
Mill Area 

34 .O 
5 1  .o 
4 .O 
10.5 

7.5 
16 .O 
26 .O 
28 .5 
10 .o 
31 e 5  
22 e 5  
14.5 

NTb 
NCC 
NCC 
NCC 
NCC 

NCC 
NCC 
5 .O 
NCC 
NCc 
NCc 
1 .o 

NTb 

AVERAGE 3.5 

'Depth of con tamina t ion  mde t e w i n c d .  
bNT = No T a i l i n g s .  
'NC = NO Contaminat ion .  



t o  t h a t  found =der the East Tail ings Pile. This organic layer  is, i n  turn, 
mrderlain by an a l luv ia l  clay layer,  with moisture content ranging from 18.6 
t o  22.0 percent. The radium concentrations of the slimes range from 400 t o  
980 pCi(Ra-226)/g, with moisture content ranging from 20.8 t o  24.4 percent. 
The radium concentrations of the sand t a i l i n g s  range from 200 t o  300 pCi(Ba- 
226111 (see Table 5) . me geophysical logging r e s u l t s  indicate  contamination 
extends 1.0 foot belaw the interface of t a i l i ngs  and natural  substrate  i n  
Borehole 85-05, and 2.5 f e e t  b e l m  t h i s  in te r face  i n  Borehole 85-04 (see Table 
6 ) .  Geophysical logs a l so  indicate  t h a t  the d r i l l i n g  augers may have been 
contaminated i n  Borehole 85-04. 

3 -2.4 Carbonate Tail  inns Pi1 e 

Boreholes 85-01 and 85-02 are  located i n  the Carbonate Tailings P i l e  (see 
Cross Section C-C on Pla t e  2). 
thick, evenly dis t r ibuted over the pi le .  Borehole 85-03, located on the  west 
slope of the t a i l i ngs  p i l e  near the bottam of an erosional gully, has a sand 
covering 3.0 f ee t  th ick  and i s  prrderlain by 1.5 f ee t  of sand t a i l i ngs ,  which 
cor re la tes  with geophysical logging (see Appendices A and B) . 
and 85-02 were d r i l l e d  i n  sand t a i l i ngs ,  some clay (slime) layers, and thin 
interbedded layers  of sapd/rlime mixed. The clay (slime) and sand t a i l i n g s  
layers  vaig in color (red, brown, and purple).  In Borehole 85-02, a d i s t i n c t  
organic clay layer  in te r faces  with the t a i l i ngs  and clay substrate  below, 
while i n  Borehole 85-01 a trace of organics ( roots)  was found a t  the inter-  
face. Both boreholes were d r i l l e d  =til refusal .  Radium concentrations of 
the sand t a i l i ngs  range from 400 to  600 pCi(Ba-226)/gD w i t h  moisture content 
ranging from 7.0 t o  11.1 percent. The r a d i m  concentrations of the slimes 
range f r m  700 t o  1800 pCi(Ra-226)/gB with moisture content ranging from 16.0 
t o  30.4 percent (see Table 5).  Geophysical logging was not completed to  the 
t o t a l  depth d t i l l e d  because material flawed i n t o  the holluw-stem auger a f t e r  
the center stem and b i t  were removed. Contamination i n  Borehole 85-02 was 
found t o  the to t a l  depth d r i l l e d  (52 f e e t ) .  The depth of coatamination i n  
Borehole 85-01 i s  questionable due t o  possible augerstem contamination from 
the t a i l i ngs  flowing down the outside of the auger (see Appendix B). 

Lithologic logs ind ica te  a clay cover 2.0 f e e t  

Boreholes 85-01 

3.2.5 M i l l  Area 

Lithologic logs of Boreholes 85-13, 85-14, and 85-25 indicate primarily clay 
(slime) with some sand (see Appendix A). Geophysical logging results ind ica te  
Borehole 85-14 i s  amcontaminated, but t h a t  Boreholes 85-25 and 85-13 are  
contaminated t o  3.5 f e e t  and 6.0 f ee t ,  respectively.  

3.2.6 Periuheral Prouert ies  

Five boreholes a r e  located on propert ies  adjacent t o  the m i l l s i t e  area. 
Lithologic logs indicate sand, clay, and gravel i n  the boreholes (see Appendix 
A). Borehole 85-18 is  located i n  a pond area and contains a d i s t i n c t  layer  of 
organic clay, which may represent the or iginal  pond surface. 
was found i n  Borehole 85-21 to  a depth of 7 .O f e e t  and i n  Borehole 85-18 to  a 
depth of 4.0 f e e t  (see Appendix B). 

Contamination 
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3.2.7 Borrow Area 

Boreholes 85-15 and 85-16 were d r i l l e d  i n  the borrow area eas t  of the m i l l -  
s i t e .  Li thologic  logs  indicate  sand and clay layers  (see Appendix A). 
Geophysical borehole logs ind ica te  no contamination [<5 pCi(eRa-226)/gl i n  
both boreholes (see Appendix B). 

Based upon results of the l i t h o l a g i c  and radiologic  data, each ta i l ings-  
mater ia l  type bears a d i s t i n c t  re la t ionship  t o  the subs t ra te  mater ia l ,  
formation moisture, and Ea-226 l ab  analysis.  

The t a i l i n g s  consis t  of interbedded sand and clay (slime) layers.  Most of the 
boreholes d r i l l e d  i n  the t a i l i n g s  p i l e s  a r e  underlain by clay (alluvium) and 
gravel. A d i s t i n c t  organic clay layer ,  probably the or ig ina l  ground surface, 
underl ies  the t a i l i n g s  beneatla a l l  the t a i l i n g s  p i l e s  north of Montezmna 
Creek. This organic clay l aye r  is, i n  turn,  underlain by clay ( a l l u w i n m )  or 
bedrock (Dakota Sandstone). 
Tai l ings P i l e  south of knrtezmna Creek., 

The organic l aye r  was not present under the Acid 

Geophysical logs of boreholes d r i l l e d  i n  the four t a i l i ngs  p i l e s  indicate  
contamination above 16 pCi(Ba-226) / g  extends below the t a i l i ngs / subs t r a t e  
in te r face  an average of 2.5 f ee t ,  with a maximum of 10.5 f e e t  (Borehole 85- 
11). Resul ts  of geopwsical  logging and Ea-226 laboratory analysis  of samples 
agree, except i n  boreholes containing slimes with high Ita-226 values. Labora- 
tory ana lys i s  shaas t ha t  the Ea-226 concentration of some slimes exceeds 
approximately 1708 pCi(ka-226)/g0 Same ana ly t ica l  r e s u l t s  a r e  not consistent 
with the geophysical logging r e s u l t s ,  due t o  deadtime problems in the tool a t  
high-radium concentration values. 

In the  peripheral  p roper t ies  and m i l l  area, contamination i s  shallow and 
present i n  four of the f ive  boreholes d r i l l ed ,  The materia1 i n  the borrow 
area i s  mostly clay with sands, and geophysical logs indicate  i t  i s  uacontami- 
nated. 

4.0 GEolEQHNICAL ASSESSMENT 

4.1 SAMKING P3QCEDUBES 

4.1.2 S h e l h  ThiPWal1 Tube SamDlina 

Boreholes were d r i l l e d  on the  m i l l s i t e  and peripheral  propert ies  a s  described 
i n  Section 3.1, In addi t ion  t o  drive sampling, each borehole d r i l l e d  i n  the 
t a i l i n g s  p i l e s  and Borehole 85-16 i n  the borruw area was sampled using a 3- 
inch OD by 30-inch length Shelby t h i n a l l  tube sampler. Once the auger 
advanced t h e  hole t o  the desired sample depth, the center b i t  was removed. 
The Shelby th i l rna l l ed  tube saplpler was at tached t o  d r i l l  rods and lowered 
through the hollow stem t o  sample t h e  s o i l  a t  the bottom of the hole. A drive 
head was attached t o  the top of the d r i l l  rods holding the sampler, the 
sampler was hydraul ical ly  pushed i n t o  the undisturbed s o i l ,  and the d r i l l  rod 
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was ro ta ted  o n e q u a r t e r  totn to shear off the sample. After the sample was 
removed from the hole, 1 inch of material was removed f r m  the bottom and top 
of the sample and melted pa ra f f in  was poured i n t o  each end t o  prevent moisture 
loss.  P l a s t i c  caps were placed on each end of the tube and taped i n  place. 
Each sample was labeled with the per t inent  data and s tored upright i n  spec ia l  
containers t o  prevent compaction. 

One t e s t  p i t  was dug us ing  a backhoe i n  each of the four t a i l i n g s  pi les .  
Lithologic logs  of the d r i l l e d  boreholes were used t o  loca te  the test p i t s  t o  
minimize sample depths, A uench  was excavated, exposing a v e r t i c a l  surf ace 
which was l i t ho log ica l ly  logged (see Appendix A) ,  Four individual soil-  
stratum bulk samples were col lected from each t a i l i n g s  area: one sur facecover  
sample, one sand sample, one slime sample, and one sand/slime mix sample, 
Each t e s t  p i t  was reclaimed with the f a i l i n g s  material  and or ig ina l  cover 
material .  

Sediment samples col lected from the Montezuma Creek area were obtained by 
manually digging a shallow test p i t  a t  s i x  locations.  The bulk samples were 
placed inside a 5-gallon bucket and the bucket was capped w i t h  a rubbersea led  
l i d  to  prevent moisture loss.  Containers were marked w i t h  per t inent  tes t -pi t  
inf onna t i  on, 

Two 5-gallon tes t -p i t  samples were obtained a t  each borehole loca t ion  i n  the 
peripheral  properties. Covermaterial  borrow area samples were obtained by 
co l lec t ing  auger cut t ings a s  t h e  boreholes were dr i l led .  Each sample was 
placed i n  a p l a s t i c  bag inside a 5-gallon bucket, and sealed a s  previously 
described, 

4.2 RESULTS 

Thirteen Shelby tube samples were collected: 12 t a i l i ngs  p i l e  samples and 1 
saplple f r m  borrow area material. Five sp l i t -bar re l  samples were collected 
from the peripheral property surface mater ia ls ,  

The Shelby tube samples were analyzed f o r  one-dimensional consolidation, 
Atterberg 1 imits, capillaig-moistuse relat ionships ,  spec i f ic  gravity,  dry-bulk 
density, and moisture content. Tho peripheral  property sp l i t -bar re l  samples 
were analyzed f o r  one-dimensional consolidation, Atterberg limits, capillary- 
moisture re la t ionships ,  spec i f ic  gravity, dry-bulk density, moisture content, 
constant- or falling-head permeability, and c l a s s i f i c a t i o n  of soi ls .  

The four t e s e p i t  samples of the t a i l i n g s  p i l e s  and the f i v e  samples of the 
peripheral  property surf ace mater ia ls  were analyzed f o r  moisture-density rela- 
t ions  and c l a s s i f i ca t ion  of soils. Zlre b o  test-pit  samples co l lec ted  from 
the borrow are& were analyzed f o r  mois turedens i tp  r e l a t ions  only. n e  sir 
samples col lected fram the streambed of Montezuma Creek, downstream from the 
m i l l s i t e ,  were analyzed f o r  p a r t i c l e  size,  

A summary of the laboratory r e s u l t s  from the analyses l i s t e d  i n  Table 7 a r e  
shown i n  Table 8 ,  and described i n  more d e t a i l  in Appendix C. Badon di f fus ion  
t e s t s  were petfonned on test-pit  samples of the t a i l i ngs ,  peripheral  property 
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Table 7. %pe of Geotechnical Aaalysis Performed on b n t i c e l l o  Soi l  Samples 

Sampl ing Method and Location/ Bor ehol e Depth 
Geotechnical Analysis f o r  A l l  Samnles S a m m l  e Number ( f t )  

Shelbv Tube Samples of Ta i l inas  P i l e s  

&-Dimensional Consol ids, t i o n  

Atterberg Limits (PLSTM D4318-83) 
QlapilfasyYoisture Bela t ionships 

(ASm D2325-68) 
Specif ic  Gravity of Soils 

(Sslme m54-83) 
D r B u l k  Density 
Moisture Content 

(ASIN M435) 
BIgB-6 52 
blKB-661 
-678 
-82 
m-6 89 
Auw6 97 
MKB-7 06 
-714 
ME&-723 
-732 
BIIKB-'I 41 
-749 

Sulit-Barrel Samules of P e r i d e r a 1  Prouertx 

One-Dimensional fhnsolida t ion  

Atterberg L i m i t s  (asTaa D4318-83) 
Capillary-Moisture Bel ationships 

(ASTXU D2325-68) 
Specif ic  Gravity (ASTM D854-83) 
Dry-Bulk Density 
Moisture Content 
C11 ass i f  ica  t ion  of Soi l  s 

(AS= D2487) 
Constant- or Falling-Head Permeability 

(AS= D2434-68) 

tASm D2435) 

Shelby Tube Samples of Borrow Area 

One-Dimensional Consolidation 

Atterberg L i m i t s  (AS= D4318-83) 
Capillary-Moisture Bela t ionships 

Specif ic  Gravity (AS'IM D854-83) 
Dqr-BPtL Density 
Moisture Content 

(ASTM D2435) 

(BSTM D2325-68) 

Test-Pit SamDles of Tai l ings  P i l e s  

Bdoi s t u reDens i  ty Bel a t ions  

C1 ass i f  ica  t i on  of Soi l s  
(AS= D698-78) 

(ASTIYI D2487-83) 

m 7  53 
MKB-7 56 
-759 
MKB-766 
-76 8 

-77 6 

m-77 9 
BBBg-783 
MKB-7 87 
-7 91 

85-01 
85-02 
85-0 5 
85-04 
85-06 
85-07 
85-09 
85-08 
85-10 
85-12 
85-11 
85-03 

85-20 
85-21 
85-1 9 
85-17 
85-1 8 

85-16 

85-06 
85-04 
85-02 
85-10 

6- 8 
3- 4 
6- 8 
4- 6 
2- 4 
2- 4 
4- 6 

12-14 
4 - 6  
4- 6 
4- 6 
2- 4 

0- 2 
0-2 
0- 2 
0 - 2  
0- 2 

9-10 

-1 
-1 
-1 
-1 
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Table 7 (continued). Tgpa of Geotechnical Analysis Performed on b n t i c e l l o  
soil Samples 

Sampling Method and Location/ Borehole Depth 
G eot e chnt ' ca l  Au a l v s i s  fo r  A l l  Samples - Samnle Number ( f t )  

Test-Pi t S a m  l e s  of Periuheral Prouertv 

Moi stnre-Densi ty Relations 

CI assif  ica t i cm of Soi l s  
(AS= D698-78) 

(AS= D2487-83) 

Te st-Pi t Samd es  of DoPo nstream Creekbed 

Pa r t i c l e  Size (AS= D422) 

Bulk  SamDles of Borrow Ar ea 

MoistureDensity Re1 a t ions 
(ASTM D698-78) 

M5-830 
BIKB-833 
m-828 
MKB-836 

MKB-841 
-842 
MKB-843 
XKB-840 
BdKB-839 
-838 

BdKB-834 
-835 

85-17 
85-1 8 
85-19 
85-20 

ZERO 
+loo0 
+2000 
+3500 
+SO00 
+6 500 

85-1 5 
85-16 

0 - 5  
0- 5 
0 - 5  
0- 3 

0- 2 
0- 2 
0 - 2  
0- 1.5 
0- 2 
0- 1.5 

2-3 7 
5 -5-12 

s o i l s .  and cover materials,  The r e s u l t s  of the t e s t s  a re  l i s t e d  i n  Appendix E. 
One borehole i n  each of the t a i l i ngs  p i l e s  was temporarily cased with aluminum 
a f t e r  d r i l l i ng ,  and a neutron moisture probe was used t o  obtain r e l a t i v e  
moisture data f o r  depths up t o  19 feet .  The r e s u l t s  from these i r s i t a  t e s t s  
are presented i n  Appendix D. Previous t o  the 1985 fieldwork, some preliminary 
d r i l l i n g  was done on the potential-cover borrow area, Chemical and e n g i n e e r  
i n g  analyses r e s u l t s  f r a a  this study are presented i n  Tables 9 and 10. 

4.3 S I I r n Y  

The t a i l i n g s  mater ia ls  range i n  composition from s i l t y  sands t o  s i l t y  clay. 
with spec i f ic  gravity ranging from 2.57 t o  2.76. Moisture-density re la t ion-  
ships (Proctor) were measured f o r  the ex is t ing  cover material and t a i l i n g s  
samples doan t o  a maximum of 14 fee t .  Maximm~ density/optimum moisture was 
114.7 pounds per cubic foot  ( lb/f tJ) /14.5 percent f o r  the Carbonate T a i l i n g s  
P i l e  cover. 114.3 l b / f t J / U 0 7  percent f o r  the VanadioPl Tailings P i l e  cover. 
111.2 lb/ft3/14,1 percetnt f o r  the Eas t  Tai l ings P i l e  cover, and 111.8 
lb/ftJ/16.9 percent fo r  the Acid Tai l ings P i l e  cover. 
the Procttx t e s t  r e s u l t s  were reported f o r  a sample of sand t a i l i n g s  and 
slimes. Natural dry density averaged 96.1 l b l f t t  for  the carbonate ta i l ings ,  
78.4 l b / f t s  for the v a d i u m  t a i l i n g s .  101.1 l b / f t J  for the eas t  t a i l i ngs ,  and 
72.43 l b / f t J  for the acid ta i l ings .  

For each t a i l i ngs  area. 

Samples of the peripheral property surface s o i l s  range i n  composition from 
s i l t y  sands t o  organic silts. with spec i f ic  g rav i t i e s  averaging 2.60. A wide 
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Table 8. Geotechnical Test Results of MontPcePlo lif2srite Soil Samples 

N c. 

COOUSON L ASSOCIATES. INC-  
11949 Uest C o l f a x  Avenue 
Lakewood. Colorado 80215 

Page L of 3 

Uecember 20, 1985 

CLAI PROJECT NO: 6411.01 

- 
Mal 
NO. - 

652 

66 1 

787 

749 

682 

783 

678 

689 

779 

697 

714 

706 

72 3 

7Y 1 

74 1 

732 

-_ 

--. 

.o ia  t ion 

85-01 

85-02 

85-02 

85-03 

85-04 

8 5-04 

85-05 

85-06 

85-06 

85-07 

85-08 

85-09 

85-10 

85-10 

85-1 1 

85-12 

Depth 
( F e e t )  

6-8' 

2-4' 

1' 

2-4' 

4-6' 

1' 

6-8' 

2 - 4  ' 

1' 

2-4' 

12-14' 

4-6' 

4-6' 

1' 

4-6' 

4-6 

-- 
Nat 6 

l o i s t .  
0 

4.6 

4.0 

17.4 

39.8 

01.7 

5.2 

9.9 

34.4 

21.4 

43.5 

19.8 

10.5 

- 

-. 
a t .  Dry 
Dens i ty  

(PCF) 

89.6 

107.5 

92.1 

80.7 

76.1 

96.4 

94 .O 

108.6 

100.7 

66.1 

74.8 

76.4 

- 
Sand 
(I) 

-- 
Fi nes 
- ( X I  

3 

49 

66 

84 

44 

7 1  

94 

42 

52 

19 

81 

88 

78 

49 

72 

87  

- 

A t t e r b e r g  
Lipl i i j m  

20 

27 

21 

4 1  

42 

29 

44 

47 

s 
I (Z) - 
NP 

IP 

4 

10 

5 

NP 

UP 

22 

13 

11 

20 

10 

ASRl D-698 
Densi t y / 
Mois ture  

114.7/14.5 

114.3j13.7 

111.2/14.1 

111.8/16.9 

S p e c i f i c  
G r a v i t y  

2.57 

2.60 

2.67 

2.62 

2.63 

2.67 

2.61 

2.70 

2.63 

2.63 

2.69 

2.68 

S o i l  D e s c r i p t i o n /  
USCS 

s i l t y  c l a y  (CL-IIL) 

v e r y  s i l t y  sand ( S W  

sandy s i l t  (nt) 

s l i g h t l y  c l a y e y  
si l t  (HL) 

sandy c l a y  (CL)  

sandy s i l t  (SM) 

c l a y e y  silt (CL-ML) 

v e r y  s i l t y  sand 
(SH) 

sandy silt (MI.) 

s i l t y  sand (St41 

sandy c l a y  (CL) 

sandy c l a y  (CL) 

sandy c l a y  ((3.1 

s i l t y  sand (Sl4) 

sandy c l a y  (CL) 

s l i g h t l y  sandy s i l t  
(ML) 



Table 8 (continued). Geotechnical Test Results of Montkcello Willsite Soil Samples 

COODSON & ASSOCIATES, IUC. 
11949 Vest Colfax Avenue 
Lakewood. Colorado 80215 

lllcB 
No. - 
83 4 

835 

776 

166 

830 

768 

833 

759 

828 

753 

83 6 

756 

826 

84 1 

- 

oca ti01 

85-15 

85-16 

85-16 

85-17 

85-17 

85-18 

85-18 

85-19 

85-19 

85-20 

85-20 

85-21 

85-21 

+o 

Depth 
(Feet]  

2-37' 

.5-12' 

9-10' 

0-2' 

0-5' 

0-2 ' 
0-5' 

0-2' 

0-5' 

0-2 ' 

0-3' 

0-2 

0-3' 

0-2 ' 

- 
Uat . 
loist. 

6.9 

13.2 

11.8 

48.2 

14.3 

5.8 

10.8 

7.5 

- 

iat. D r  
Denslt, 
( PCF 1 

121.0 

lravel 

13 

19 

- 

Sand 
m 

6 

52 

- 

Fines 
ALL 

82 

82 

79 

31 

81 

65 

80 

70 

73 

80 

71 

43 

29 

- 

Atterberg 
Lim 

36 

33 

32 

26 

41  

30 

- 

s a 

14 

10 

14 

6 

7 

10 

bsTn 0-698 
Density/ 
Moisture 

102.5119.7 

119.7114.9 

108.3/17.0 

103.3/19.0 

109.8/15.8 

101.9/18.9 

115.2/13.6 

Specif ic  
Gravity 

2.65 

2.61 

2.63 

2.55 

2.61 

2.62 

2.60 

2.54 

Page 2 of 3 

D e c e m b s r  20, 1985 

GMl PROJECT NO: 6411.01 

S o i l  Description/ 
USCS 

s l i g h t l y  sandy, 
clayey silt (MI.) 

gravel ly  silt (nt) 

sandy c l a y  (a) 
clayey ~ o d  (SC) 

gravel ly  a l l t  (a) 

sandy c lay  (CL) 

sandy silt (la) 

sandy clayey silt 
(cL-nx.1 

sandy silt, organics 

sandy silt, organics 
(OL) 

( topsoi l '  OL) 
gravel ly  silt, 

s i l t y  sand, ( topsoi l ,  

s i l t y  nand (a) 

gravel ly ,  s i l t y  sand, 
organics (SM) 



Table 8 (continued). Geotechnicel Test Results ob Monticello Mills i te  Soil Samples 

t4KB 
No. - 
84 2 

84 3 

840 

839 

838 

.oca t ion 

+loo0 

+2000 

+3500 

*5000 

6 5 0 0  

Depth 
(Feet)  

0-2' 

0-2' 

0-1.5' 

0-2' 

0-1.5' 

- 
Nata 
ois t . 
0 

Iat. Dry  
Density 

( F W  
rave 1 

56 

0 

2 

10 

15 

- 

Sand 
ALL 

40 

39 

39 

40 

38 

- 

- 
Pines 
0 

4 

61 

59 

50 

47 

- 

Atterberp 

Page 3 of 3 

December 20, 1985 

C U I  PROJECT NO: 6411.01 

COODSON Q ASSOCIATES, INC. 
11949 West Colfax hvenue 
Lakewood, Colorado 80215 

~ ~~ 

Specif ic  
Gravity 

2.65 

2.61 

2.66 

2.58 

2.65 

S o i l  Description 
USCS 

sandy gravel  ( C P )  
organics 

very s i l t y  ~ n d  (Sn) 
organics 

sandy silt (la) 
organics 

gravel ly  sandy silt 
(W 

organics 

gravelly.  sandy silt 

organic s 
(MI 



Table 9 ,  Chemical Analysis of Poten t ia l  Borrow Material 

Depth Sample LOD Ba-226 Ih K Grain Density 
D r i l l  Hole ( f t )  (m No.) (51 (pCi/g) (ppm) ($1 (g/CpIS 1 

GP 0-20 . 117 9 e71 
20-49 120 4 -58 
40-50 123 5 -51 
a t  50 f t  h i t  bottgBL clays 

am 0-20 121 11 079 
20-40 125 9 -73 
4 0 6 0  122 28-87 
60-80 115 21.64 
a t  80 f t  s t i l l  in clays 

GPSE 0-20 124 5 ,60  
20-40 116 7 -57 
40-50 119 3 -71 
a t  47 f t  h i t  sandstone 

0 -8 u 09 
1 .Q 8 -8 
0 -4 3.7 

1.1 64 .5 
0.8 7 06 
l o 9  17 -4 
2 07 21.7 

1.1 10.1 
1-9 19 -4  
1 .4  4 -1 

1 , 4  
0 -9 
0.4 

1 0 4  
0 08 
1 .3  
1.3 

1 .3  
1.0 
2 -1 

2 -71 
2 -69 
2 -66 

2 -70 
2 -69 
2.69 
2 -78 

2 -70 
2.73 
2 -66 

range of density-moisture re la t ionships  was analyzed. Natural moisture of the 
2-foot depth of surface s o i l  ranged from 5.8  t o  48.2  percent. 

The proposed borrow area soil ranges frcrm clayey s i l t  to  sandy clay, with spe- 
c i f  i c  gravity averaging 2-63  . The material  contains approximately 80 percent 
f ines ,  aad natural  dry density for  the mater ia l  is 121.0 l b / f t s .  h e  t o  
tes t ing  of two large samples of d r i l l  cu t t ings  representing depths from 2 t o  
37 f e e t  and 6 t o  12 feet ,  a ride range of density/moisture values was measured. 

5.0 GE(I&OGY 

A t o t a l  of e ight  holes were augered/dril led i n  order to  conduct permeability 
t e s t s  (presented i n  Section 6) , t o  obtain soil/bedrock p ro f i l e s  along proposed 
cutoff-wall locations, and t o  a sce r t a in  geotechnical cha rac t e r i s t i c s  of the 
materials dr i l l ed .  

Unconsolidated material  was penetrated with a 6 7l8-inch diameter hollow-stem 
auger using a truck-mounted Central Mine Eqaipment (-1 45B d r i l l  r ig .  Soi l  
samples from most holes  were collecrted every 5 fee t ,  using a 2-inch diameter 
spl i t -barrel  sampler driven 18 inches with a 140-polmd hammer f a l l i n g  30 
inches. The number of b l w s  f o r  each 6 inches of penetration was observed and 
recorded, Soil samples were logged and c l a s s i f i ed  by inspection, i n  accord 
with the Unified Soi l  Class i f ica t ion  System. Relative dens i t i e s  of the 
mater ia ls  encountered were estimated using the standard penetration t e s t  
conversions given i n  Lambe and Whitman (1969) p. 77 ,  
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Table IO. Enginoerimg h m l L y o i s  of Poteertirl Borrow Material 

GP 8-20 
GP 20-40 

YelOou-Brown Clay 
Gray Clayey S a d  

19.6 
20.6 

16 .O 
8 .O 

113.6 
125 .7 

15 07 
11 .I 

0 0 1  
0.65 

0.36 
1.39 

1107.9 
119.4 

GPN 0-20 
G PN 20-40 
GPN 80-6 0 
GPN 60-80 

YclfokBraan Clay 
S i l  ty  Sand 
Gray Shaley Clay 
Gray Shaley Clay 

35.8 
23.5 
32.2 
31.4 

28.2 
7 

18 .O 
23.9 

flO.8 
120.5 
116.3 
113.7 

18 -3 
12.6 
14  .o 
14 .O 

0.02 
0 -5  

+O .03 
1.2 

0 .OH 
0.115 
0 -021 
0.259 

105.3 
114 -5  
110.5 
108 .O 

GPSE 0-20 
OgSE 20-40 

S i l t y ,  Clayey Sand 
Gray Clay 

31.6 
29.3 

9 
24.5 

118,4 
1’18.2 

If .0 
34.4 

0 .a 
0 .o 

Q 3 3  
0.084 

112,s 
182 -3 

---- ----- - - 
‘Data oorirerpondr t o  an applied l o r d  ob 194 l b / f t a .  
bMeasured a t  95 percent of amximum compaction, standard ASIM D698-78. 



The auger vas  seated i n  the first several inches of weathered bedrock, i n  
preparation f o r  rock coring. 
was used a s  surface casing through which coring was performed. 
conducted using an NX core bar re l  t o  make 5-foot core rms. The core was 
c lass i f ied ,  labeled, and placed i n  core boxes on r e t r i e v a l  froah the core 
barre  1 . 

The hollo-stem auger remained i n  the hole and 
Zhe coring was 

The rook core was c l a s s i f i e d  according t o  its engineer ingls t ructural  and 
geologic properties. The propert ies  used t o  c l a s s i fy  the core include frac- 
tu re  in t ens i ty  (see Table l l l ,  rock s t rength  (see Table 121, percent recovery, 
and rock qua l i ty  designation (agP). A site plan showing the loca t ions  of the 
boreholes and corresponding cross sect ions i s  shown i n  Figure 2. The gew 
physical logs of the borings and d r i l l  holes  are  presented i n  Figures 3 
through 10. BJO cross sec t ions  were constructed using the  logs and a r e  
presented a s  Plates  3 and 4. It should be emphasized that  connections drawn 
between the drill holes a r e  based on geologic in te rpre ta t ions ;  actual  subsur- 
face fea tures  may d i f f e r  from those shuwn on the cross sections. 

Table 11. Fracture In tens i ty  

Fracture Frequency Class i f ica t ion  (measured pa ra l l e l  t o  core length) - 

-5 microns t o  0.05 f t  (contains clay) 
0.05 f t  t o  0.1 f t  (contains no clay) 
0.1 f t  t o  0.5 f t  
0.5 f t  t o  1 f t  
1 f t  t o  3 f t  
4 f t  and la rger  

Crushed 
I n t  ensely Fractured 
Closely Fractured 
Moderately Fractured 
L i t t l e  Fractured 
Massive 

5.2 RESULTS 

The rock foxmations encountered during eoring operations were the Dakota 
Sandstone and the overlying Msncos Shale. These rocks dip gently (from l e s s  
than 1 to  1.4 degrees) t o  the east-northeast; the bedrock d ip  slope i s  v i s i b l e  
a s  the Dakota/hncos contact i n  P la t e  3. 

The Dakota Sandstone can be divided i n t o  three general uni ts :  a l o r e r  COP 
glgterate/sandstone unit; a middle un i t  consis t ing of interbedded sandstone, 
shale, s i l t s tone ,  claystone, and low-grade coal; and an upper sandstone unit .  
Only pa r t s  of the middle uni t  were penetrated during this study. The middle 
Dakota Sandstone uu i t  cons is t s  of f r i a b l e  (crmubles i n  hand) t o  moderately 
strong rock ( w i l l  withstand a few finm hammer blows before breaking) tha t  i s  
predominantly l i t t l e  fractured. me upper sandstone u n i t  of the Dakota c o r  
sists of moderately strong rock that is  predominantly l i t t l e  f ractured t o  
massive. Bocks of the Dakota Sandstone a re  present i n  the subsurface every- 
vhere =der the mil l - ta i l ings s i t e ;  however, the Dakota crops out along the 
man-9pade channel of k n t e z m a  Creek south of the East Tai l ings Pi le .  The 
upper sandstone unit of the Dakota has probably been removed along a t  l e a s t  
p a r t  of the former channel of Montezma Creek, as evidenced by previously 
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Table 12, Bock Stractnral C ~ a s s i f f c e t i o a  

- 
Carina Ch-nt) 

S t r u c t u r a l  Typical  Geologic Caamon NX' or Larnor B X ~  or s m a l l e r  
Cls  s i  i f  ics t ion ClaSIif  iCAtiOn I d e n t i f i c a t i o n  C b a r r c t o r i s t i c s  Becovery Rock Q u a l i t y  Rocovmry Rock Q u a l i t y  

De si mat i on Des 1 Kna t ion -- 
C l a r s  1 - Hard Sound Rock C r y s t a l l i n e  Igneous or Rings whon s t ruck  wi th  bar.  Doer 

Metnmorpbic Bock. not d i s i n t e g r a t e  upon exposoto 
SI i a h t l y  J o i n t e d  nor s l ake  i n  water.  95 85 85 75 
Umos therod Righly S i l i c o o ~ s  J o i n t s  or f r a c t u r e s  gone ra l ly  or or or or 

Sodimontrry Bocks Mweathered. l e s s  t han  118 in. s i d e ,  More Mor e More Hoot e 
and no c l o s e r  than 3 f t  a p a r t  i n  
exgorure.  Sharp. hard f r a c t u r o  
su r face  when broken. 

C l o r 0  2 - Yedigarlsrd Rock Snme ar  Clara 1 C h a r a c t e r i r t i c r  r a m  a s  Clara 1 
oxcopt j o i n t r  or f r a o t u r e s  may be 114 

g e n e r a l l y  no closer than 2 f t  a p a r t  
Uoderately Sound Moderately S i l i c e o u s  in .  wide and s l i g h t l y  weathetod. 70 50 t o  85 50 40 
Moderately J o i n t e d  
S l i g h t l y  ' Isathered in oxporute.  Piece can bo broken off 

Sedimentary Bocks 

Cor ta i n Ca 1 c a r  eous wi th  hammer and t h e  f r a c t u r e  surface 
Roc ha 

h) 
4 

i ron- 8 t a i nod . 

C l a r s  3 - I n t e r w d i r t e  Rock Same as Cla ra  2 Giver d u l l  round when rtrmck wi th  bar. 
h e r  no t  d i s i n t e g r a t e  upon exposure. 

l b d e r a t e l y  t o  l i g h l y  J o i n t e d  Yoat Sedimontary Rooks Unweathered p i e c e r  do not  s l ake  i n  50 
Moderately Weathered Other  Than Compaction water.  J o i n t s  or f r a c t u r e s  may be up 

Sha le s  t o  1 in. r i d e .  Containr  weatherod 

Most Calcaroour Rocks exposure. Piece can be broken o f f  
Are Not Porous wi th  hammer on weatbered ru r f ace .  

m a t e r i a l ,  spaced ar  c lose  AS 8 i t  in 

35 t o  50 3s 25 

- 
Clara 4 - S o f t  Pock Weathered Rocks of May s o f t e n  upon ezposure. May r l ake  

Highly J o i n t e d  weathered zones up t o  3 in. wide wi th  Leas Less Less Less 
Extensively Weathered Canpaction Sedimentar ios  r t i f f  soil. Weathered zones O r  r o l l -  Than Than Than Than 
KJosous f i l l e d  c a v i t i c r  e x b i b i t  s tandard 50 35 35 25 

C l a r s  3 in water .  May include thoroughly 

Calcareous Rocks w i t h  pono t r s t ion  r e s i r t o n c e  exceeding 50 
Soi l -F i l l ed  C a v i t i e s  blows per  foo t .  

'NX o u t r i d e  diamoter 3-1/2 in.. i n s i d e  diametea 3-3/16 i n .  
bBX = o u t r i d e  dimmotor 2-718 in . ,  i n s ide  diameter  2-9/16 in. 



Figure 2. Locations of Geologic and Tailings Pile Cross Sections at the Honticcllo Millsite 

29 



- 
apt) 
Bet ~ - 

5 

IO 

'I 5 

20 

2s 

30 

35 

40 

45 

50 

55 

60 

- 
lows/ 

or - om- 

- 
# 

3ox 

I 

2 - 

- 
Sample 
iterval 
I Core 
Runs - 

lpo/ 
)cover y 
B rcen t 1 - 

>/IO0 

33/100 

- 
- 
70/ 100 

70/100 - 

I I 
Graphic ~ D e s c r i p t i o n  

1 .  
Log 

Little frocturmd ? o m a ~ ~ i n .  

Thin qmy cioywono from 46.3 to 46.7 foot mrhm boundary 
bmtr.ea upp.r Dakota Sandsiom ana mor. aariobie W a l e  
Dotmta Sordsmne. 

Wbim toIiqht-qmyandM-qmlned soadstono from UT.? to 
T.n.ot $1.9 f0.t. 

I 
Figure 3 .  Geotechnical Log of Borehole 85-22 

31 



Somple 
intervals 
rRCo;e 

I '  

2 

3 

4 

5 

6 

7 

8 

9 

o/ 100 

O/lOO 

0/100 

O/lOO 

o/ao 

- 
- 
- 
- 
- 
0 /20 - 
20/100 

W100 

67/100 

D  IO-^ 

C l m l y  frodund. 
DAKOfA SANDSrONE 

Figure 4. Geotechnical Log of Borehole 85-23 

32 



I 

aOtl 
3etl - 

5 

IO 

I? 

20 

25 

3c 

35 

40 

4! 

5c 

55 

6 C  

~~~ 

Sample 
nterval 

Pun 11 

2 

3 

5 

6 

7 

8 

PQD/ 
acovery 
ercent) - 

- 
0/90 - 
27/95 - 
53/95 

- 
8 /  100 

0/100 - 
O/lOO 

- 
58/100 - 
83/1OC - 

ermeability (,Graphic I D e s c r i p t i o n  

Dark gmy, vary Plnnii. morinn shela. 

DAKOTA SANDSTONE 
Llghr-to dorh-gray, m.dlum-grainad mardotam; vary 
camoaoenous; Obund00tsaft-s.dlmaw ddormntlon Peaturos; 
abundant writs. 

4 Link (rostumd to manim, 

Figure 5.  GeotecbnicaP Log of Borehole 85-24 

33 



Graphic D e s c r i p t i o n  

Clayey rilt(WL) hao(a(r  o a d l l a  clay-rieb 01 i 0 l W t ; g ~  
to silly clay(CL1 naar oummot. 

Cnabad 10 lnlorrly h0C)ond. 

very dork gray #OM ah ia  mm (wlh indamtodl from 211022.21 
fop( 
oor(i h a  ohb. 

L d n g  airculotion dnrioq drilllng 60 to prom- af Intonuiy 
fm0temd.M.. 

Littb froemrad 

c rys to iopua ta t  51faat (Ilttlo 

Light-to-dark-gray modiam-gmid mnddono; abuodaaf writ. 
old cerbo1po.otm maramt; r a f t - d i m a r  dofarnotlono footures 
aroproomt; mauire to l i t t ia fractured. 

Gray ciayowno i o y u  pramat tram ae'io': 

Figure 6 b hotechnical Log of Borehole 85-26 

34 



* 

- 
,p/ 

or - Om- 

4 
4 
7 

50 

* 
'0 1 

I 

lun I' 

2 

3 

4 

S 

6 

7 

8 

9 

IO 

Silty,groroily sand,braunfill,(SPl; iaaao toaodira doaslty; 
~ b 0 i . s  and tobblm Ot didm paP*m. 

N O ~ I  odl(p.dlMnt grawl.Qc1 at dopta af Wfooc;wamr ot 

MANCOS SHALE 
DarE gmymrlno $haio,lloak. 

Littio-frachlrsd; fra8two wim iran-asim wattno at I l h a t ;  now- 
r r t i c o l  fracture at IS foot. 

U o h t ~ p  day(CL) zona mLm abyndmt mo(lualu.fram21 to22 

'111110 cmy(cL)layor; 2iffilw*. 
Lictlo fmcturad; fmcturaa a? L8,3O,aad 32 foot 

Abundant raolbr.lUIgryplIe0~ frols364M41 foot;Ilttlo hocnnd; 
noorly vQ(lcaI f w u r r  a t  36 bat. 

D m - t o  rodiun-graymarlno abab. 

Vory fionito,dOTk-gmy m black manna amlo; Ilttlo tractlad. 

Whin to llpht-gray cloydoam from 4S.S to SO foot wltb a t q l y  
dipping Iowor cantact 

OAKOTA SANDSTONE 
Light tadarh-gray, ilttia fractund ta maa$lva. modbm-gmind 
quarttaw $andatom; abaadont c a r b a n a ~ . ~ ~  dobri$ and arganic- 
r i a  etmio partinp;minor moliumka naar transltlon into Yancau 
Shaio; abundant p y r i n  aod aaft-Udlmant dd(armatlan foatuns. 

Figure 7,  Geotcchnicaf Log of Borehole 85-27 

35 



rDih 

!etet) 

5 -  

IO- 

1s- 

20- 

25- 

30- 

33- 

00-  

45- 

50- 

55- 

60- 

- 

I 

I 

Sample 
nterval 
r Core 
Runs - 
= 
= 
= 
>(: 

2(_ 

= 

Bbws/ 
6" or core- 
lxmwc. 

ss 
; 
1 

ps 

5 

2 

3 

13 

3 
4 

145 
33 

1150/2" 

I *  
Bor 

~1 

2 

3 

I 1  

1 1  
I 

Run I' 

2 

3 

4 

5 

RQD/ 
efovery 
iercent 1 

........ ........ 
[ i K /  

Lightto dorh gray. clom locorbonocsolu,abolo; Illtlo fradurad. 

siItatoaa,IIgnt to dorkgroy. 

a l o e  corboracooua an010 with Ioyars of Impuro. low-gmda cool. 

Bmy ¶ i l t U O M .  

Oroy claystom M T. D. o f  59 fm. 

Figure 8. Geotechnical Log of Borehole 85-28 

36 



tpm 

Bet) 

5 -  
I 

10- 

IS- 

20- 

25 - 
I 

30- 

35- 

40 

45- 

so- 

55- 

60- 

- 

I 

sample 
ntervol 

Core Runs - 
Bbm/ 
& o r  e;. 
I 
I 

9 
19 
39 

- 
# 

l Box 
I 
I 

I 

1 2  

7 

3 

I 

I 

Lun I 

2 

3 

4 

s 

47/93 

60/98 

60/92 - 
o/roo - 

O e r c r i  p tion 

ShOl. Iapr 01 ts'e"to2s'10" 
whih tollp*1 gray a o ~ l e t o ~ e , m o l l u ~ - g m l n o d ; h s c a ~ ' l d t o O 6 ' 6 ' ~  
t r o y  cloystonm horn 26'8" to 21. 

Clocture IOU from 27'9" to 28'2'. 

Wblto to llpra qmy, modls~m to coome oanlb1- witb minor 
btrlngow of MrbonOwoub dobrio; little frohred 

Dort  to liebe 914  corboaocoous silktom grading to clOyotORooo 
wltb oU9ntocr otrlng.rm o t  depth. 

Pigure 9 .  ffeotechnical Log of Borebde 85-29 

37 



* 

Sample 
tntervol 

Dr Core  
Fhtns 

#Run I 

2 

3 

4 

6 

Iscowry 
percent: 

- 
8/100 - 
23/93 - 
35/60 - 
82AW 
- 
7WIOC - 
93/93 - 

- 

Donneability Gtopktc' 
(crnh) I Loa I D a s c r i  p t ion 

UNCONSOLlDATED DEPOSITS 
RmWlnlI bra- clayoy Wt (UL) rttb acmI.nd oabbloi Os dlalla 
par-; Iaoaa aid dry. 

Figure 10. Geotechnical Log of Borehole 85-30 

38 



col lected roc&core data. Tge absence of t h i s  un i t  i s  a l so  suggested by the 
presence of only the lower 1 foot  of Dakota Sandstone shuwn between Boreholes 
85-28 and 85-29 (see P la te  4) on the  western s ide of the t a i l i n g s  areas. 

Zhe h n c o s  cons is t s  of f r i a b l e  (crumbles i n  hand) t o  weak (crumbles under 
l igh t  hammer blows), brown t o  p a y  marine shale. 
l i t t l e  fractured, but thin tones of crrlnshed t o  intensely f rac tured  Mancos a re  
common, 
been eroded f r a  mmch of the s t d y  area, a s  was reported i n  the Environmental 
Assessment of Remedial Action a t  the h n t i c e l f o  Uranium M i l l  Ta i l inas  Si te ,  
Monticeflo. Utah, (Abramiuk and others ,  1985). e i d e n c e  of this erosion can 
a l s o  be seen on Cross Section S-SS (see P la te  4) .  As presented i n  Cross 
Section S S S ,  the west side of the Carbonate Tai l ings P i l e  l i e s  d i r ec t ly  on 
the former Montezuma Creek floodplain,  which l i e s  on the  upper sandstone =it 
of the Dakota. Mancos shale has  a l so  been deeply eroded on the north side of 
t&e s i t e ,  as  well. Cross Section S-S' (see P la te  3) portrays a t r ibu tary  of 
Montezuma Creek; only about 5 f e e t  of Mancos remains i n  the center of this 
t r ibutary.  To the south of the cross-section line, this t r i bu ta ry  channel has ~ 

been ccmered by t a i l i n g s  p i les ,  

T&e shale i s  predominantly 

3he h n c o s  does not en t i r e ly  underlie the t a i l i n g s  p i l e s ,  and has 

Unconsolidated deposits encountered during this study range i n  thiclmess from 
7 t o  34 fee t .  Zhe deposi ts  include gravel, sand, and soils deposited by 
Montezuma Creek; wind-blown loess  overlying pediment gravel on the  south side 
of the Montezuma Cxeek channel; pediment gravels, res idual  so i l s ,  and tribu- 
tary af lwium on t h e  north side of the bntezuma Creek channel; and f i l l /  
t a i l  in gs mat e ti a1 s . 
Plate 3 depic t s  an in t e rp re t a t ion  of Cross Section S-S' , which extends from 
eas t  t o  west, along the north side of the mi l l s i t e .  On the eas t  side of the 
cross section, clayey-silt soil w i t h  scat tered pebbles of l ag  gravel grades 
downward t o  a s i l t r c l a y  residual  s o i l  developed on top of the Mancos Shale. 
The middle of the cross  sect ion crosses the previously described t r ibu tary  t o  
Montezuma Creek. Zhe bottcm of t h i s  channel cons is t s  of a clayey-silt un i t r  
with sca t te red  f r a p e n t s  of loca l ly  derived sandstone and shaleo which grades 
t o  a silty-clay res idua l  soil near the contact with k c o s  Shale. A t h in  zone 
of gravel i s  present within the clayey-silt amft; the gravel cons is t s  of 
pebbles and cobbles of igneous l i t ho log ie s  (probably derived froan upland 
pediment gravels  and ul t imately from the igneous in t rus ive  r o c b  of the Abajo 
Mountains) and loca l ly  derived sandstone and shale. The uppermost un i t  
cons is t s  of loose t o  medimdense s i l t y  sand with abundant cobbles and pebbles 
of d i o r i t e  porphyry, sandstone, and shale. The h i l l  t o  the west of the 
t r ibu tary  i s  Mancos Shale capped with a t h in  veneer of pediment gravel. 

An i n t e rp re t a t ion  of Cross Section S-SS, which extends from northwest t o  
southeast, near the western side of the m i l l s i t e ,  i s  depicted i n  P la te  4.  
Borehole 85-27 penetrates  8 -5 f e e t  of contaminated s i l t y  gravelly sand f i l l ,  
which r e s t s  on 1 foot of uncontaminated, natural  pediment gravel, The north 
si& of the fozmer Montauma Creek floodplain accurs between Boreholes 85-27 
and 85-28, but i s  concealed a t  the surface Iy t a i l i n g s / f i l l .  The cross 
section drawn betseen these mo holes  i s  pa r t ly  based on old data per ta ining 
t o  t h e  thickness of t a i l i n g s  i n  an adjacent area, but the actual  cross- 
sectional shape of the a l l u v i a l  valley i s  =known. Borehole 85-28 penetrates  
a complete sect ion of Bdontezuma Creek rplluvim. This alluvium was deposited 
by a meandering r ive r  system. Sediments represented i n  Borehole 85-28 include 
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backswamp or  f loodplain deposits (represented by the black organic clay and 
clayey silt), point-bar ur channel-fill deposits (represented by the saturated 
sand), and chanael-lag deposits (represented by the lower sands/gravels) 
These sediments were deposited during ear ly  or  middle g l ac i a l  stages when the 
climate was much wetter than a t  present,  
cmplexi ty  of the meandering r ive r  system, va r i a t ions  i n  l a t e r a l  continuity of 
the d i f fe ren t  deposits can be expected. 
P l a t e  4) has great  modification potent ia l ,  and should be regarded a s  tenta- 
t ive.  
present uader most of the t a i l i ngs ,  except the Acid Tai l ings  P i l e  on the south 
side of the creek. Iho Acid Tai l ings P i l e  r e s t s  on wind-blown loes s  (loose, 
brown clayey s i l t  of Boreholes 85-29 and 85-30) overlying pediment gravel; 
these sediments a r e  dry but probably in te r f inger  with deposits of the a l l u v i a l  
aquifer, a s  presented i n  P la t e  4. However, the exact nature and extent  of 
t h i s  interf ingering,  a s  well as  the bedrock p r o f i l e  of the a l luv ia l  val ley a t  
the point of interf ingering,  is  unknown, 
entrenched i n  its w n  alluvium, and i s  depositing fine-grained sediments i n  
the channel bed. 

Depending on the  longevity and 

Therefore, the cross sec t ion  (see 

'Ilre saturated sands and gravels represent the a l l u v i a l  aquifer t ha t  i s  

The present-day Montezuma Creek i s  

Distr ibut ion of both uaconsolidated mater ia l s  and bedrock along the north side 
of the m i l l s i t e  is well documented, as shown i n  Cross Section S-S' (see P la te  
3 )  . Hosrever, interpolat ion was grea tes t  between Boreholes 85-27, 85-28, and 
85-29 which encompass the northern and southern bouudaries of the a l l u v i a l  
aquifer. This alluvium w a s  deposited by a meandering r i v e r  when the climate 
was much wetter than a t  present; the current Montezuma Creek i s  an entrenched 
meander system tha t  i s  depositing f i n e g r a i n e d  sediment on the  channel f loor.  
Boundaries of the a l luv ia l  aquifer and the l a t e r a l  extent  of i t s  sediments a r e  
poorly understood, and addi tioMl borings a r e  recommended p r io r  to construc- 
t ion of.any s lur ry  walls,  

The hydrologic port ion of the character izat ion consisted of d r i l l i n g  boreholes 
along the proposed gromrdwater cutoff-wal l  loca t ions  and t e s t ing  the s u b s u r  
face rock permeabi l i t ies  using water in jec t ion  t e s t s .  The scope of the inves- 
t iga t ion  included: 

8 Determine permeabili t ies a t  the proposed cutoff-wall locations. 

e Assess the hydrologic conditions along the northern peripheries of 
the t a i l i ngs  area. 

e Make recommendations regarding fu tu re  work e f f o r t s  i n  regard t o  the 
cutof h a l l  design. 
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6.2 WATEB INJECTION ZESTS 

6 2  ,1 Procedure 

Water inject ion,  or 'packere t e s t s  were used t o  estimate horizontal  formation 
pernreabilities within d i sc re t e  horizons, The t e s t s  were performed i n  accord 
w i t h  methods recommended a t  the University of Missouri-Bolla Seminar f o r  
D r i l l e r s  and Exploration Managers (1981) , U. So Btaretau of Reclamation (1974) , 
and summarized i n  the Envfronmeataf Sciences Psocedure &mual: Second Edition 
(Bendix F ie ld  Engineering Corpata t ion,  %985a), Procedore d .d 

The packer test i s  perfoaned by pumping water i n t o  the formation through a 
.conductor pipe, w h i c h  transmits r a t e r  t o  the foxmation through a +foot length 
of perforated pipe. 
i n f l a t ab le  packers, w h i c h  seal off the t e s t  i n t e rva l  of the formation. 
pressure gauge and a flow meter a r e  used a t  the surface t o  monitor the pres- 
sure created i n  the packed-off in te rva l  and t o  measure the flow r a t e  entering 
the formation i n  the i so l a t ed  zone, respectively.  

The perforated pipe i s  terminated on both ends w i t h  
A 

T&e r a t e  a t  which the formation accepts a steady fl lw of water (dh/dt = 0 )  i s  
measmed a t  various pgesr.er%es. 
were run a t  low-gauge pressures [usually <10 pounds per square inch ( p s i ) ] ,  
while the second t e s t s  were sua a t  higher gauge pressures (up t o  50 p s i ) ,  and 
the th i rd  t e s t s  were usually rua a t  lower gauge pressures (<lo ps i ) .  The 
duration of each t e s t  was approximately 6 minutes; however, longer t e s t s  were 
conducted which required up t o  16 minutes of pumping f o r  steady flow t o  occur. 
The permeability was then computed using the following equation: 

For the purpose of t h i s  study, the f i x s t  t e s t s  

e 
fa (+) Q K s -  2n Lh (1) 

where Q is  the volumetric flow r a t e  (cubic foot  per minute), L is the t e s t  
length ( f e e t ) ,  h is the hydraulic head ( f e e t ) ,  and r i s  the borehole radius  
( f e e t )  (U.S. Brueau of Beclamation, 1974). The use of t h i s  equation implies 
t ha t  the t e s t  i n t e rna l  i s  a t  l e a s t  10 times the borehole radius. 

6.2.2 Re s a l t s  and Discussion 

Results of the water i n j ec t ion  tes ts  a r e  presented i n  the boring logs (see 
Figures 3 through 10) adjacent t o  the horizons tes ted,  The t e s t  r e s u l t s  
indicate  tha t  most of the subsurface horizontal  permeabili t ies a r e  i n  the 
range lo-' t o  10- 
Shale and the Dakota Sandstone a re  i n  this peimeability range. 

centimeter per second (cm/s). Portions of both the Mancos 

Of the s ix  boreholes subjected t o  water in jec t ion  t e s t s ,  the  lowest permeabil- 
i t f e s  :ere encountered i n  Boreholes 85-24 and 85-29, which Bad penueabi l i t ies  
of 10- t o  10"" 4 s .  
Mancos Shale (Borehole 85-24) and i n  the middle Dakota (Borehole 85-29). In 
both these lop-pezmeability in te rva ls ,  the rock was predominantly a shale or 
claystone a t  a depth of 35 t o  40 f e e t  below the surface. 

Two addi t ional  points  of i n t e re s t  were noted dusing t h i s  investigation. 
F i r s t ,  BoPehoPe 85-23, a 48-foot-deep hole located along the northern margin 

These low-poszaeability zones were found i n  the basal 
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of the site, was dry a t  the time of packer tes t ing.  Since this hole  had been 
l e f t  open f o r  about 1 month pr io r  t o  packer t e s t i n g  and had contained water 
used during coring operations, it i s  apparent t h a t  the r a t e r  d i ss ipa ted  
through unsaturated fractures.  Groundwater seeps, however, emanate f r m  the 
Mancos Shale in ce r t a in  locat ions along the northern boundary of the site. 
The groundwater i s  apparently t r a n m i t t e d  through shallow f r ac tu res  within the 
Bbancos Shale. 
leakage and iaf, i l tration of groundwater fram pediment gravels north of the 
site. 
comtunication between the f r ac tu res  and these sources of recharge. 

These f r ac tu res  probably obtain recharge f tom i r r i g a  tion-di tch 

In a reas  where the f rac tured  blancos Shale i s  m, there i s  no hydraulic 

A second observation worth noting i s  t h a t  Boreholes 85-29 and 85-36). d r i l l e d  
south of Montezuma Creek and west of the Acid Tai l ings P i le ,  encountered dry 
pediment gravels overlying the Dakota Sandstone. 
planning a cutoff w a l l  i n  t h i s  area was t o  d ive r t  water f rm the a l l u v i a l  
aquifer  system around the Acid Tai l ings Pile.  
t o  indicate  that  no saturated a l luv ia l  gravels a re  present west of the Acid 
Tailings Pi le .  Consequently, a groundwater cutoff wall  may be uunecessary i n  
t h i s  area. 

me i n i t i a l  motive behind 

The current inves t iga t ion  seems 

6.3 BEQ)BBwDA TION$ 

Additional borings should be d r i l l e d  across the a l l u v i a l  aquifer p r io r  to 
cutoff-wall  design t o  determine the aquifer’s cross-sectional dimensions, t o  
assess  the permeability of the underlying Dakota Sandstone, and t o  co l l ec t  
samples f o r  labora tow testing. 
proposed cutoff-wall alignment, west of the Carbonate Tailings Pi le .  

The borings should be d r i l l e d  along the 

An additional s u i t e  of borings should be d r i l l e d  along an east-west  aligxment 
t o  the north of, and p a r a l l e l  to, knteruma Creek. lhis group of borings i s  
necessatg t o  characterize the longitudinal-subsurface p ro f i l e  of the al luvial-  
gravel system, t o  determine the permeability of the underlying bedrock, and t o  
col lect  samples f o r  laboratory testing. It is  c r i t i c a l  that  subsurface 
information be obtained f o r  t h i s  longi tudinal  alignment, since the diver ted 
groundwater f r m  the upgradient side must remain i n  the creek channel and not 
be permitted t o  seep back i n t o  the allrrrrial system. 

If, as suspected, water seepage i n t o  the northern periphery of the s i t e  i s  
primarily due t o  leakage from the adjacent i r r i g a t i o n  ditch,  a water balance 
must be perfoxmed on the drainage d i tch  to  confixm and estimate the volume of 
tha t  leakage. 
system, which would preempt the f a r  more expensive cutoff-wal l  design and 
construct i on. 

Corrective measures can then be taken t o  r e p a i r  the d i tch  
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Appendix A 

BOREBO&E AND TEST-PIT LPTBOEOGIC LOGS 

Lithologic 106s  were prepared for split-barrel or Shelby tube samples from 
each t e s t  p i t  and boreholes (85-01 through 85-21, and 85-25) from which 
samples were taken. The subsurface materials were c l a s s i f i e d  using the 
Unified Soi l  Class i f icat ion System (U, S. Bureau of  Reclamation, 1974) 
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SITE DESCRIPTION 

JSCS 

se 

V I S U A L  CLASSIFICATION 

~ 

~ - ~ ~~~ 

SAMPLE 'TYPE 
COMMENTS: -~ A - A Y G E R  CUTTINGS 

B - 2 '  O.D. 1.38"I.D. DRIVE SAMPLE 
U - 3"O.D. 2.42"I.D. TUBE SAMPLE 

~ ~~ T - 3"OD. THIN-WALLED SHELBY TUBE I 
~- ~ ~~ - - ~  

A-6 
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ALLI€D BENDIX AEROSPACE 

BENDIX FIELD ENGINEERING CORPORANON 
BOREHOLE LOG (SOIL) Page cl o t d .  

LOCATION MAP N 

f 
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IS 6s V I S U A L  C L A S S I F I C A T I O N  



AUED a m D i x  AEROSPACE 
BENOIX FIELD ENGINEERING CORPORANON 

BOR€ffOL€ LOG (SOIL) 

- -GROUNDWATER LEVELS 

D A T E  I T I M E  I DEPTH (ft.) 
I 

1 I I I -  - ~- - -  

LOCATION DE SCR IP TlON 
SITE DESCRIPTION Q, \as  -7 

b ~ 

- 
W 
3 

Z - I  

> a - 
JSCS 

CL 

-~ 

VISUAL CLASSIFICATION 



AUIEO BENDIX AEROSPACE 
B&NDIX FXL D ENGlNE€RING CORPURR N U N  

BOR€HOLE LQG /SOIL) 

LOCATION M A P  

w 
3 

Z - I  

3 - 
~~ - 

V I S U A L  CLASSIF ICATION 

39' 



I ALLIED BZffDlX AEROSPACE 
B€ffDlX Ff€& 0 €ff GIff€€RI#G CORPORA N ON 

BOREHOLE LOG {SO/L) 

~ 
~~~ ~ 

GROUNDWATER L EVE L S  

D A T E  I T I M E  I DEPTH (ft.) 
I 

I I I I 
LOCATION DESCRIP 

JS CS 

SP 

V I S U A L  C L A S S I F I C A T I O N  



A U E D  BENDlX AEROSPACE 
B€NOIX FIEL 0 €NGIN€ERIAfG CORPORATION 

BOff€HOL€' LOG (SOIL) 

c- 
34 

f 
LOCATION MAP 

LOCATION DESCRIPTION 

Ib. 
c 

GROUNDWATER L E V E L S  
D A T E  11 T I M E  DEPTH (ft.) 

I 

1 
R L l  . 

- 
w 
3 

2-1 

3 
JS CS 

SQ 

S P  

LL 

V I S U A L  C L A S S I F I C A T I O N  

I I I 1 I 
SAMPLE T Y P E  

OMMENTS: A - AYGER CUTTINGS 
B - 2'  O.D. 1 .38"I .D .  DRIVE SAMPLE 
U - 3"O.D. 2-42" 1.0. TUBE SAMPLE 
T - 3 " O O .  THIN-WALLED SHELBY TUBE L 

'iD =15 .o ' 



A U / € D  B€ND/X AERO5P.4 CP 
BEND/X F/EL D €UG/NEER/NG CORPORANOff 

BOR€HOL€ LOG {SOIL) Page 1 of 11 
~ 

LOCATION M A P  

~~ 

LOCATION DESCRIP 
SITE DESCRIPTION 

us cs V I S U A L  C L A S S I F I C A T I O N  

~ 
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ALL/€D B€ND/X AEROSPACE 
BENDX F/€L D €NG/N€ER/NG COUPORAT/ ON 

BOR€HOL€ LOG fSO/Lj 

LOCATION M A P  Ar 

f 
GROUNDWATER L E V E L S  

I D E P T H  (ft.1 D A T E  T I M E  
I 

4 

1 c 4. - I I I 
LOCATION DESCRIPTION \I3nadtu NI 
S I T E  DESCRIPTION V & .  A a\as3 cra JLY' 

J - 
tscs 

U 

V I S U A L  CLASSIFICATION 



A U K D  BENDIX AEROSFACP 
BENDIX F X L  D ENGINEERIN@ CORPORA;r/ ON 

BOR€#fOL€ LOG (SOIL) 

LOCATION MAP ?d SITE: ~ h - d Q . 0  LOCATION:  M R ~ I  P -85-ffi 

1- ~ GROUNDWATER L E V E L S  1 - 

D A T E  I T I M E  I D E P T H  (f t . )  
I 

I I I 

I I I 
LO CAT10 N DESCRIPTION F G 4  i a t  l i d  TJ 0 

SITE DESCRIPTION ScCL& ,I c A dayas 
U 

W 
3 

2-1 

> a 
uses 

C L  

se 

GP 

V I S U A L  CLASSIF ICATION 

I - 29,o 
a&& 

SAMPLE TYPE 
C O W E  N T  S: A - AYGER CUTTINGS 

B - 2 '  O.D. 1.38"l.D. DRIVE SAMPLE 
U - 3"O.D. 2.42"l.D. TUBE SAMPLE 
T - 3"OD. THIN-WALLED SHELBY TUBE 
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I R U E D  BENUIX AEROSPACP 
BENDX F X L D  ENGIff€ER/Nb CORPORATION 

BOREHOLE LOG (SO/Lj Pope 1. o f A .  

LOCATION M A P  bb 

f 

LO CAT10 N DESCRIPTION ta 

c DRILLER: L ZL 
DATE S T A S  
DATE WMPL ET€ D 
FIELD REP.: 

5 FJ5 

GROUNDWATER L E V E L S  

D A T E  T I M E  I DEPTH (ft.) 

SITE DESCRIPTION a . l k d  UssePhLii 

V I S U A L  CLASSIF ICATION 

SAMPLE TYPE 
A - AyGER CUTTINGS 
8 - 2'0.0. 1.38"I .D DRIVE SAMPLE 
U - 3"O.O. 2.42"II 0. TUBE SAMPLE I T - 3"oo THIN-WALLED SHELSY TuaE 
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BENDlX FlEL D €NGl#€..RlNG CORPORANOff 

BOREHOLE LOG fSO/LJ 
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D A T E  I T I M E  I D E P T H  (ft.) 

LOCATION DESCRIP TlON 
SITE DESCRIPTION 
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B€NDlX F E L  D €NGIN€€UfNG CORPORATiON 

BOR€fiOL€ LOG (SOIL) Pope L o t d .  
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S? 

VI S U A L  C l A S S l F l C A T l O N  
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B€NDlX FIELD €NGIN€ERING CORPORATION 
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SITE DESCRIPTION 
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LOCATION DESCRIPTION 
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LOCATION MAP 

V I S U A L  C L A S S I F I C A T I O N  
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ALLf€D B E N D f X  AEROSPACP 
BENDIX FfEL D ENGINEERfNG CORPORAN ON 

BOREHOLE LOG (SO/LI 

W 
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JS CS 

GP 

~~ ~ ~~ 

V I S U A L  CLASSIFICATION 
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r AUIED B€ND/X AEROSPACE 
B€NDM F E L  D ENGINEERING CORPORArlOff 

BOR€HOL€ LOG /SOIL) Pope L o f 4  
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sp 

C L  

VISUAL C L A S S I F I C A T I O N  
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SAMPLE TYPE I A - AUGER CUTTINGS COMMENTS: 



AUIED BENOIX AEROSPA.CE 
BENOIX FIELD ENGINEERING CORPORA~IOON 

BQR€HOLP LOG (SQ/L) page 1 o i L .  

GROUNDWATER L E V E L S  

D A T E  T I M E  I D E P T H  (f t . )  1 
I 

LOCATION DESCRIPTION 
SITE DESCRIPTION 

JSCS 

C L  

V I S U A L  CLASSIF ICATION 
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ALLIED e m D / x  AEROSPACE 

BOR€HOLE LOG /SO/L) 
B€ND/X F/EL D €NGIN€ER/NG CORFORArlON 

LOCATION MAP f 
)CATION DESCRIP 

SITE DESCRIPTION 

C OMME N T S: 
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SITE BESCRlPTlON 

i* 

- 
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V I S U A L  CLASSIFICATION 
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B€NLVX FIELD €NGfN€ERfNG CORPORAN Off 

BOR€HOLE LOG (SO/C/ 

LOCATION M A P  ?d 
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~~ 

GRO UND WATER L EVE L s 
D A T E  I T I M E  I D E P T H  - I t t . )  

I 

LOCATION DESCRIP TlON 0alrOw A m  - aa*,LP 
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- d  
S I T E  DESCRIPTION 
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VI S U A L  C L A S  S I F l C A T l O N  
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LOCATION MAP A/ 
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SAMPLE TYPE 1 
p p  A - AyGER CUTTINGS I -COYh4EpNTS: ~ B - 2 ' O D .  I 3 8 " I . D .  DRIVE SAMPLE 
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BGVDfX F E L  D ENGINEERfNG CORPORATION 

BOREHOLE LOG (SO/&.) pope 1 o f J _ p .  

LOCATION MAP 

LOCATION DESCRIP TlON - + W I & ~ \  

SIT E DES CRI PTI ON hn P r n 4 9 %  

JSCS VI  SUAb C L A S S I F I C A T I O N  
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ALLIED BENOIX AEROSPACP 
BENOIX FIEL o ENGINEERING CORPORANON 

BOR€HOL€ LOG (SOILI Page 1. o f I .  

LOCATION M A P  I 

LOCATION DESCRIP 
SITE DESCRIPTION 

us cs V I S U A L  CLASSIF ICATION 

SAMPLE TYPE 
COMMENTS: A - AyGER CUTTINGS 

B - 2 '  O.D. 138"l.D. DRIVE SAMPLE 
U - ,,3"0.D. 2.42"l D. TUBE SAMPLE 
1- 3 OD. THIN-WALLED SHELBY TUBE 
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B€NDIX FIELD ENGIN€ERlNG CORPORATION 

BOU€HOLE LOG fSO/L) 
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BEffD/X F X L  0 €#GIff€ER/ffG COR?ORAf/ ON 

80R€HOL€ LOG /SO/Lj Pope I of-, 

LOCATION M A P  bd 

f 
I D A T E  I T I M E  I D E P T H  (11. )  I 

LOCATION DE SCRIP TION \K\\ rzu 
SITE DESCRIPTION 5 C L A k U - A  s\-a%5 o b  . 
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JSCS 

- 
C L  

VISUAL CLASSIF ICATION 
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Appendix B 

BOREEaLE GEOPHYSICAL boGS AND DATA 

Thtee logging systems were used a t  the Monticello, Utah, s i t e - two  total-count 
tools (PBS-1 BASCBL) and a spectral  tool (Compulogger). M y  the main fog i s  
presented i n  t h i s  appendix, since the main and repea t  logs  agree. Borehole 
data with each system, in cased boreholes, a r e  presented below, Equipment 
cha rac t e r i s t i c s  and ca l ib ra t ion  ido rma t ion  a r e  included to  document the 
parameters used i n  data reduction. 

Uncertainties f o r  the total-colint system were calculated a t  a 95 percent 
confidence l eve l  ( 2 ~ ) .  Water was not encountered i n  several  boreholes as 
indicated by the fluid-level depth of 99.0 f ee t ,  a defaul t  value, shown in the 
tab les  and on t h e  geophysical logs. The auger height shuwn on each log 
indicates  the dis tance measured fram the top of the anger t o  the ground 
surf ace. 

LUGGING EQUIPMENT DATA 

INsTRUm COMPlJL(#;6= CASINGFAeroB* 1.33 t 0 . 0 1  
GJO NUMBER C-1815 S mum F A C ~ O B ~  1.10 2 0.07 

DETE(X0B Ma1 (TI 1 K FACTOR (Ba-226)S 7 .61  2 0.22 g-cps/pCi 
SERIALIUUI@ER 230-01 m s m  FAC~OR+ 1 , l O  2 0 .01  

- 

(Ba-226) 
DETECTOR SIZE 2 in. x 6 in. BACIERWND COSIJPJT M E  30.05 2 12.25 cpsp 

3.20  2 0.32 ft- a PROBE DIANETER 2 .65  in. ALPHA FACTOR 
CALIBIUTI(1pI D&TE 23 August 1985 

INSmumT PRS-IlSPA-3 CASING FACTOB* 1.73 2 0.02  
GJQ NUMBER C-3 572 S FLIJID FACIDR~ 1-04 2 0.07 
SERIAL MmBER 753 MOISTURE FACIY)# 1.10  0.01 
DEZXTOB Ma1 (T1) K FA(JIIIB (Be22619 79.87 2 1.36 g-cps/pCi 

DETECTOR SIZE 
PRmE DIAMETER 2.5 in. & H A  FACrOB 3.20 fi 0.32  ft-  
@PIEXBUTION DATE 23 August 1985 

(Ba-226 1 
2 in. x 2 in. BACIOGBOUND C m  RATE 195.23 2 76.61 cpsl 

INS'IRUHENT PRS-11SPA-3 CASING FACTOR* 1.69  5 0.02 
GJO NUMBEX C-3958s nm F A C ~ O B ~  1.05 2 0.03 

DETECIQR NaI (11) K FAClDB (Ba-226IS 76.72 2 0.89  g-cps/pCi 

DETECTOR SIZE 2 in, x 2 in. BACEGRQUND COUNT RATE 194.31 5 53.89 cpsi 
PROBE DIAMETER 2.5 in. &PEA FAmB 3.20 f 0.32 f t -  
CdtlBUTICN DdTE 22 August 1985 

SERIAL NUMBEB 813 m~smm FAC~>R* 1.10 f. 0.01 

(Ba-226 1 

q a s e d  on casing thickness of 0.25 in. 
b a s e d  on hole diameter of 4-5 in. 
'Based on average subsurface moisture content of 9 . 1  2 4 , 2  percent. 
b a s e d  on average -232 concentration of 10.0 ppm and average K 

concentration of 2 .O percent. 



PROJECT: Pl R CI P 

HOLE NUMBER: 001 

FLUID LEVEL: 36.5 FT. 
PHASE: 1 

LOCATION: 11OM).ON 21250.0E 

START DATE: 850903 

DATE DRILLED: 850903 

C\UGER HEIGHT: 54.0 IN. 
ELEVATION: 6897-2 FT. 

INSTRUHENT TYPE: COMPULOGGER -1AL N,. 230-01 

APQA 

0.0 
1.04 

E 2.0- 

" 5.0- 

3.0- * 4.0- 

( f T '  6.0- 
7.0- 
8.0- 
9 . 0 -  

10.0- 
11.0- 
12.0- 
13.0- 

. 14.0- 
15.0- 
16.0- 
17.0- 
18.0- 
19.0- 
20. Q- 
21 .o- 
22.0- 
23.0- 
24.0- 
25.0- 
26.0- 
27.0- 
28.0- 
2 9 . 0 -  
30 .0 -  
31.0- 
32.0- 
33.0- 

zs. 0- 
. 36.0- 

34.6- 

W O  NO.: C-1815s 

241 RR-226 ( p C i /  1080 2000 3000 4000 5000 
1 1 1 1 

B-2 



37.0 
38.0 
39.0 
40.0 
41.0 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 

e:s 0 "3 5-13 "15 m )15 

B-3 



Depth Observed Apparent 2-Si m a  
Count R a t e  Radi u m - 2 2 6  ~ n c e r ?  ai n t y 

(ft) (cps) (pC1 / g )  (pC1 / g  ) 
I=rsI==t---P=~====--====a==~=~a=~==a===========~======== 

200.6 > 283-6 > 385.2 -> 647.7 
3 608.9 
). 596.4 > 581.8 
? 580.7 > 579.7 > 574.7 
>* 376.4 > 744.3 > 582.2 > 663.1 
). 661.2 > 645.7 > 679.5 > 841.7 > 1522.6 > 1569.1 > 694.7 > 1487.7 > 1047.4 > 030.1 
> 70-3.0 > 687.6 
3 768.1 > 841.2 > 795.7 > 549-5 > 1792,6 
>* 1408.4 > 1257.6 
1262.7 > 1243.1 
749.5 
720.3 
612.0 
516.4 
324.4 
562.1 
585.2 
307.7 
375.3 
413.1 
583.6 
726.8 
735.7 
719.5 
497.2 
930.0 
356 . 0 
s?S . 3 

362.3 
364.1 
420. 0 
452.6 
275.9 
514.9 
382-2 
389 I 5 
345.0 
421 . 4 
270.2 
99.2 
65.8 
47.7 
40 I 9 

> 686.6 

?sa. 4 
386.4 

67; 7 
42.3 
44.5 UT 

14. S 

28. s 
51.6 
39.7 
37.0 
35.9 
34.8 
35.8 
37.2 
63.0 
77.6 
52.0 
44.1 
41.1 
41.1 
47. b 
64.8 

125.2 
120.8 
174.1 
177.6 
94-4 
58.7 
47.1 
43.0 
43.4 
47.0 
52.4 so. 0 
139.4 
217.9 
120.1 

85.6 
69. 5 
49.2 
32.8 
JL. 1 
61.8 
38.5 
27.2 
CJ. 8 
29.5 
36. 9 
47.2 
45. b 
45.9 
72.2 
106.3 
63.2 
40.7 
50.6 
25.4 - 23.6 
23.7 
27. (:I 
52.5 
47.2 
JJ. 4 
S4.6 
26.7 
23.8 
36.3 
20.3 
18.1 
0.9 
5.8 
6.1 
8.5  

8.6 

-2. a 

7c 

83.Y 
78. v 

sa. 7 
c-l 

9.e 

6- a 



37.0 
37.5 
38.0 
38.5 
39.0 
39.5 
46i0 
40.5 
41.0 
41.5 
42.0 
42. s 
43.0 
43.5 
44.0 
44.5 
43.0 

46 0 
46.3 
47.0 
47.5 

48.5 
49 0 (3 

45.5 

48. o 

.----- 

Ub served llppar en t 2-Si gma 
C o u n t  R a t  e Raai urn-226 Uncer ta in ty  

( c p s )  (pCi  / g )  ( p C i  / g  ) 

269.1 45.0 8.0 
232.4 33.0 7.7 
278.4 520 3 8 ,8  
281 D 8 47.3 8 * 2  
269-3 45.4 7.7 
238.5 36.8 7.2 
236 9 58.8 7.9 
260.3 69* 0 11,s 
249-5 35.0 9. f 
244.8 44.0 7.6 
237.1 37. 1 7.0 
248.8 43- 0 7.2 
257.6 45.3 7.4 
233.4 37.9 6.8 
213.1 36- 8 6.4 
176- 1 26.5 2.6 

24.1 4.3 
5.7 

148.9 
129.9 30. (3 
121.7 15.2 4.9 
126 1:) 20.7 4.4 
127.4 19.4 4.2 
121.7 17.8 4.1 
124.6 19.6 4.2 
121.2 13.0 5.0 
188.0 300 6 4-0 

---=---------------=-----=---------- --- ---------I--- ----- ---------=-= 

This da ta  generated by  LOGCALC-BAS Vers ion  2.2 S/N 008 



PROJECT: R R A P START DATE: 850903 

HOLE NUMBER: 002 DCITE DRILLED: 850904 

FLUID LEVEL: 11.5 FT. AUGER HEIGHT: 16.0 IN. 
LOCATION: 10880. ON 21300. OE ELEVATION: 6898.5 FT. 

PHAS€: 1 

INSTRUMENT TYPE: CUMPULOGGER SERIAL NO. 230-01 GJO NO.: C-1815S 

fiPP&l 
I 

0.0d 
1.0- 

3 .0 -  
P 

' 4.0- 
5.0-  
6 . Q -  
7.Q- 
8.0- 
9 . 0 -  
L0.0- 
11.0- 
12.0- 
13.0- 
14.0- 
15.0- 
16.0- 
17.0- 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24 .0  
2s. 0 
26.0- 
27.0- 
28.0- 
29.0-  
30 .0 -  
z1.0- 
:1.5- 
32.5- 
:5 .  5-  
s 4 . 5 -  
35.5- 
; t l .  5: 

E 2.0- 

(FT) 

EN1 RCI-226 ( p C i /  . 
1680 2000 5000 4000 5000 

1 1 1 ?! 



37.5 
38 .5  
3 9 . 5  
4 0  0 5 

c 



i j . I:) 
(5. 5 

1.4 
2, (1 
2.5 
3.0 
3.5 
4. 0 
4.5 
5. 0 
5.5 
6. 0 
6 .5  
7 . 1:) 
7.5 
8.0 
8.5  
3. 0 
9 . 5  

1 t.1 . 5 

1 l . d  
i2. (3 
12.5 
1 3 , 1:) 
13.5 
14.0 
14.5 
15.0 
13.5 
16.0 
16.5 

1.2 

1 I? e 0 

11.2 

Depth Observed Apparent 2-Sigmg 
Count R a t e  Radium-226 Uncertar n t y  

(f t) (cps) (pC1 /g) ( p C i  /g ) 
CI -921 . 6 20.2 
1552.5 19.2 
1418.0 20:4 
la?!:, . 1 22.8 
2911.0 . 38.3 
3454.1 37.2 
4098. 1 45.4 
4.34 1 . a 85.9 
4838.4 85.6 
"J46.1 70.1 
6za4. 5 
6673.7 
6029.9 
6034.4 
5151.4 
4843.9 
4792.9 
4029.7 
41362 9 
5145.2 
5641.1 
6179.4 
6831.5 
6486.4 
4;04.9 

4299.1 
4274.2 

5693.7 
51 10.9 
4681.8 
4644.9 
d620. 1 
6389. B 
6174.0 

55032- 4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

c m  

49 i o  . a 
5oza. 2 

5T59 rn 1:) 

p i a .  5 

sisa. o 
4664. a 
4769 e 2 

6245.0 
6624.6 
5 18.3. 1:) 

6140.4 
6840. a 
15157.5 
5661.4 
6615. 2 
8259.8 
9641.1 
9441.3 
8475.4 
7 150. 0 
5842.2 
4817. 
3869. v 
4572.0 
6066.0 
7172. 4:) 
9672.0 

1'3855.0 
15859.0 
15774.0 
15(109. (1 
11 150.0 
6418.0 
3656.0 
3409.0 
Z 9 8 O .  (3 
3823.0 
34.33. (1 
3218. (1 
3162. 0 

> 734.7 
228.3 
204.8 > 288.0 

>* 447-3 > 673.5 

? 825.5 
2 1033.2 
>* 1059.3 > 1125.1 > 1198.0 > 991.3 > 821.5 > 799.8 > 811.4 > 875.5 > 664.6 
>. 905.1 
:> 919.8 > 1032.0 > 1164.1 

841.9 .:. 904.9 
>* 937.7 >- 1035.0 > 762.0 >. 1046.9 
>* 1082.4 ' 
> 908. 5 

> 524.5 

> 988.5 

3 1289.2 

:b 038.6 
i 827.9 

:;. 998.3 > 1251.4' :;. 1604.5 
>. 885.2 
:2 965.4 
>. 802. 6 > 867. 1:) 
>. 904. 0 
i 1210.2 >. 1249.2 

. > 1016.6 > 1329.4 
> 1526.9 
1. 994.9 
>* 1189.3 
:> 1533.0 > ia72.a 
>. 1745.0 >- 1573.7 

1300.6 
.:e 1046. 9 
:2 846.9 
> 671.8 
.> 88-3.4 
:> 1125.4 
3 12tjg.2 
> 1633.8 > 2873.3 > 2274.8 
> 3191.6 
:> 2Ij51 . 3 
>. 1007.3 > 815.4 > 631.8 > 779.5 >. 634.5 

>. 579.5 
:> 583.9 

)* 907. L) 

> 2861.4 

>. 6i7.a 

64.6 
67. J 
77.1 
60.9 
52.6 
51.8 
63.1 
77.5 
64.1 
57.6 
61.9 
76.0 
162.7 
143.0 
127.1 
130 . 3  
145.2 
142.7 
142.2 
144.6 
129.9 
119.1 
117.3 
125.1 
140.2 
168.9 
227.4 
185.5 
lS9. 7 
121.9 
1 2 6  . 3 
1 3 . 6  
159.3 
16.s.O 

212.9 
196.1 
173.1 
21:)s. I ]  
245.4 
237.0 
215. 2 
182.3 
150. 9 

120.3 

48.9 

16k. 5 

179. a 

1m.a 
141.6 
153.0 
184.2 
241.6 
382.9 
371.6 
427.6 
386.0 
291.5 
209.2 
126. S 

lva. 8 
97.0 
87. s 
81.6 
80.2 

l!?.Z 



41.0 
41.5 
42.0 

Apparent 2-Si gma 
Rad i urn-226 Uncer t ai n t y 

(pC1 / g  ) (pC1 / g )  
---------------------I---------- ------------------- ---- 

75.1 
69.9, 
69.7 
74.4 
74.1 
71.5 
68. 8 
64.6 
64.3 
60.4 
35.6 

T h i s  data generated b y  LOGCALC.BAS Version 2.2 S i N  OOa 



IN 

PROJECT: P I  R A P 

WLE NUMR€R: 003 
1 0882. ON 

FLUID LEVEL: 99.0 FT. 
PHASE: 1 

LOCFIT I ON : 

TRUMENT TYPE: PRS-1 RPISC 

21011.0E 

”5 

START DATE: 850903 

DATE DRILLED: 850908 

AUGER HEIGHT: 12.0 IN. 
ELEVATION: 6973.7 FT. 

S€RIcIL .30. 813 GJO NO.: C-3958s 

APPARENT RA-226 ( p C i / g )  
0 50 

’ 0.0 
1 D 0 
2.0 
3 . 0  
4 . 6  
5.0 

7.0 
8 . 0  
9.0 

10.0 
11.0 
12.0 
! 3 . 0  
!4 .0  

D 
E 

n 
(FT’ 6.4) 

‘is 0 

100 1 so 

B-10 

200 



19.0 
2 6 , O  
27 0 (3 
79.3 

179.2 
161.4 
lO6- 7 
24.3 
54.0 

1.0 
8.8 
1.2 
z). 6 
1.9 
2.1 
1 .? 
2 . 0  
2.1 
z.9 
1.5 
3- 2 
2,8 

s.4 
4 .2  
3.7 
3,. 6 

13- 6 
8.1 

CI 

3. % 
4 D 3 

is  data generated  by LOGCALC.EfiS V e r s i o n  2.2 

c 

B-11 



APPARENT R F I D I U M - - 2 2 6  CQNCENTRFaTIQN MRP-00s 

PROJECT: Pl R & P 

HOLE NUMBER: 003 
FLUID LEVEL: 99.0 FT. 

PHASE: 1 
LOCATION: 30ea2.0~ 2ioii.o~ 

STCIRT DATE: 850903 

DATE DRILLED s 850908 

6UBUI HEIGHT: 1Z.O IN. 
REVATION: 6873.7 FT. 

INSTRUMENT TYPE: COplPULOGGER SERIAL NO. 230-01 650 NO. : C-1815S 

100 1 so APPCIRENT RA-226 ( p C i / g )  
0 30 

0.0 
1 . 0 

3 * 0  ' 4.0 
5.0 

(FT' 6.0 
7.0 
a. 0 
9.0 

. 10.0 
11.0 
12.0 
13.6 
14.0 

0 

E 2.0 

cs n "J 5-15 

., 
200 

Apparent 
Rad i urn-226 

18.4 
23. b 
38.5 

. 127.9 
165.6 
131.2 
46.9 
25.8 
0.7 
4.7 
3.3 
2. a 2.2 
2.4 
3.4 
1.6 
2.8 
3.8 
4. s 
2.7 
5.3 
2.2 
4.8 
4.5 
3-9 

6.6 
9 .1  

cpC1/g) --------------- 

3- 4, 
J. 3 

2-Si m a  
UnceT?ai n t y  

( p a  /q) 
2. s 
4.1 
7.9 
12.1 
14.6 
10.7 
8.9 
J. 2 
3.5 
2.4 
2.1 
2. (3 
2. 0 
2. 0 
2. (2 
2.0  
2. 0 
2.1 
2.2 
2.1 
2.1 
2.1 
2.1 
i. 0 
2. 0 
2.1 
2.1 
2.4 
2.2 

=========1=9== 

e 

CI 

T h i s  data generated by LOGCALC.PAS Version 2.2 S I N  008 

B-l2 



RIPPARENT R F I D I L D M - 2 Z 6  CONCENTRA'HI0N MlRB--004 

PROJECT: M R A P SThRT DaTE: 850903 
HOLE NUMBER: 004 DATE DRILLED: 850904 

FLUID LEVEL: 99.0 FT. CIUGER HEIGHT: 15.0 IN. 
LOCATION: 11090. ON 21740,OE ELEVFITION: 6875.9 FT. 

PHASE: f 

INSTRUMENT TYPE: COMPULUGGER S€RIAL NO. 230-01 GJO NO.: C-1815s 

0 
E 
P 
T 
H 
(F 



Ob 5er v ed FIpp ar en t 2-Si m a  

( o C i / a )  (uCi /q )  
Count R a t  e Radi urn-226 U n c e r L n t y  

0. (3 
(:) . 5 
1.0 
1.5 
2.0 
2.5 
3. 0 
3.5 
4.6 
4.5 
5.6 
5* 5 
6 0 Q 
6. S 
7.0 
7.5 
8.5 
9. 0 
V.5 
10.0 
10.5 
11.0 
1 l . S  

12.5 
13.0 
13.5 
14.0 
14.5 
15. o 
15.5 
16. 0 
16.5 
17.0 
17.5 
18.0 
18. s 
19.0 
19- 9 
20. 0 
20.5 
21.0 
21.5 
LL. 0 
22.5 
23. (5 
2s. 5 
24. (3 
24.5 
25. (5 
La. 5 
26.5 
27. C) 
27.5 
28. 0 
28.5 

a. o 

1 2 .  (1 

e r n  

qc 

3. ij 

56i.a 
501.0 
766.2 
1461.3 
1864.6 
2062.8 
2360.4 
27s. 1 
3397.8 
4341.0 
3483. 5 
2475.6 
2069 e 5 
2121.3 
2920.6 
37oi . a 
3856.3 
3451.7 
3055.8 
3952.9 
3876.8 
2334.7 
808.8 
272.4 
141.6 
113.9 
94.3 
93.7 

109.2 
137.1 
136.4 
134.4 
153.2 
116.3 
111.2 
1 w .  9 
95.0 
96.2 
$3.3 
118.4 
163.9 
152.9 
144.5 
155.4 
163.6 
148.6 
149.2 
122.9 
162.0 
176.1 
170.3 
178. d 
146.6 
133.7 
107.5 
1 (:)a. 7 
112. 5 

i-54.a 

T h i s  data generated b y  

90.2 
58. 6 
104.6 > 267.6 > s11.3 

>. 332.6 > 360.8 > 578.8 > 626.6 > 884.2 > .526.6 

> 411.3 > 502.1 > 648.3 
>* 631.3 

;- ZI'OU. 5 > 751.2 > 711.6 > 3t56.2 
74.9 
37.2 
14.8 
16. S 

16. - 
17.0 
20. 1 
18.6 

19.4 
14.4 
15.3 
12.9 
10. s 
17.7 
12.1 
14.6 
27.7 
19.9 
19.6 
22.5 
24.8 
19.2 
2l.a 
-4.1 
16.6 
25.1 
26.1 
23.6 
29.0 
18.2 &. 3 
11.5 
1z. 7 
19.1 

> 392.1 > p. 1 

> 759.4 

9. & 

18.7 

CIC 

LI 

LOGCALC. BGS 

6.1 
12.1 
13.6 
LV. a 
~1.9 
30.4 
56.3 
66.5 
84.6 
49.5 

24.6 
29. 

42. L) 
73.7 
75.6 
62.6 
57.3 
30.2 
30.4 
12.6 
6.1 
3. s 
3.1 
3 .  3 
3.4 
5.1 
5.0 
2.9 
3. 0 
2.8 
2.8 
2.6 
L. 7 
3 . 4  

3. (1 
3 .  9 

5.0 z.1 
s.1 
3.1 
4.0 
3. 0 
.>. 5 
9.4 

5.7 

z.1 _ _  
2 .3  
2.7 

-l 22.3 
CL 

300 4 

-- .&a. 3 
43.; 

- 

.cI 

T -  

7 

T 

4. -9 

- -  
4. 3 

7 -  
4.  4 

T - 
- 7  
4. .A 

7 7  
4. 4 

7 -  
C .  3 



PROJECT: M R A P 
HOLE NUMBER: 005 

LOCATION: 1115O.OM 
FLUID LEVEL: 99.0 FT. 

PHAS€: 1 

INSTRUMENT TYPE: WMPULOGG€R 

21900.OE 

STC\RT DCSTE: 850903 

DATE DRILLED: 850904 
AUGER HEIGHT: 18.0 IN. 

ELEVAT I ON: 6874.6 FT. 

SERIAL NO. 230-01 630 NO.: C-1815s 

APQFIRENT RCI-226 ( p C i /  1 . 0 1 OS0 2004 3000 4000 5000 
1 1 1 

I 

H 

7,o 
8.0 
9 . 0  

10.0 
11.0 

13.0 
14.0 



5.0 
J. 0 

Depth Ob scr ved kppar en t 2-Si m a  

( f t )  (cps) (pC1 / g  ) ( p C i / g )  
Count R a t  e Rad i urn-226 UncerZai n t y  

========r========P==~==PDI'=====-~~======= 

* 45iS.l 0. 0 
0. s 
1.0 274.4 
1.5 264.5 
rn C .  0 344.9 
2.5 667.7 
3. 0 1370.3 
3.5 30a9. 8 
4. (3 5072.6 
4 - 5  5790. a 
5 .0  2634. S 
5.3 4466.9 
6.0 5 124. t:) 
6.5 3955.1 
7 .0  1946. S 
7.5 668.0 . 
0. (1 225.6 
8 .5  ?a.? 
9.0 90.4 
9.5  77.5 
10.0 63.9 
10.5 71.0 
1 1 . 1:) 90.4 
11.5 94. z 
1 2. 1:) 102. (3 
12.5 80.8 
1.5.0 74.5 

14.0 84.1 
14.5 79.1 
15.0 84.9 
15.3 74.3 
16.5 51.2 

17.S d7.4 
1 8 .  0 5z. 0 
18.5 44.2 

322.8 

13.5 78.5 

16.0 58.7 
1 7  . 6:) z5. 9 

T h i s  data generated by LOGCALC.BAS Version 2.2 S I N  

72.3 
44.6 
41.6 
34.6 
40.2 
69.0 
208.0 
739. 0 
903.1 

1001.9 
926.7 - ?:0.4 
901. 9 
634.9 
26O. 0 
76.8 
27.9 
15.0 
11.7 

5.4 
7-7  
12.3 
11.2 
15.3 
7. s 
8.6 
15.2 
9.5 
0.9 

11.5 
8 .3 
5.4 
4.0 
5.9 
5.7 
5.4 
5. s 

a. 9 

B-16 



PROJECT: M R A P 

HOLE NUMBER: 006 
LOCATION: 10840.ON 

FLUID LEVEL: 27.8 FT. 
PHASE: 1 

INSTRUMENT TYPE: COMPULOGGER 

0. 
1. 

3.  
4 .  
5 .  
0 .  

0 

P 
f 
H 

iFT) 

E 2. 

22250. OE 

START DATE: 850903 

BATE DRILLED: 850905 

AUG€R HEIGHT: 27.0 IN. 
ELEVATION: 6850.9 FT. 

SERIAL NO. 230-01 GJO NO.: C-la15S 

rl 

f . 0 -  
8.o- 
9 . 0 1  

l o n o -  

11.0- 
12.0- 
13.0- 
14.0- 
15.0- 
I6.O- 

l a n  o- 
1700-  

19.0- 
20.  0- 
21.0- 
22.0- 
X.0- 
24.0- 
L d  e 0- 
26.0- 
27.0- 

2 9 .  v- 
:0. 0- 
21.0 
;2. rj 

.-le 

28. o- 

r 



0. 0 
Q e  5 
1 0 0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
4.5 
6. 0 
6.5 
7. 0 
7.5 
8.0 
0.9 
9. 0 
9 .5  
10.0 
10.5 
11.0 
11.5 
12.0 
12.. 5 
15.0 
13. 5 
1 4. 1:) 
14.5 
15 0 (3 
15. J 
16.0 
16. J 
17.0 
17.5 
18.5 
i?. 0 
19.5 
&I:) . 0 
-0 .5  
21 e 0 
21.5 - . (3 
22.5 
23. (1 
2s. 5 
24 m (1 
24.5 
-&. 0 
25.5 
26. 0 
Zb. 5 
27 . 0 
27. 5 
23.5 
29 . 0 
29.5 
A) . I:) 
,.Y . 5 
31.0 
2- L) 
52.5 

3. 0 

i a. o 

-I 

3 

?c.) 

GILT 

* ,a. (:) 

- -  --  
24- 

-0 2-4.0 

540. a 
mza. 2 

- 7 c T  %:.,46.8 
La56. 6 
-7 5.206. 8 

d49.1 
346.2 

1103.9 

1970.9 
3029.8 

~166.9 
2525. 1 
2617.6 
2m4. 5 
2080. 5 
18Q.Z. 7 
-125.3 
174U.9 
1962 6 
21Q4.7 

2004. 1 
1609.5 
l Z t X . &  
1179.8 
1439.9 
1453.5 
1454.2 
1476.6 
874.8 
296.0 
153.5 
80.1 
63.6 
60.4 
61.4 
J b a  1 
58.7 
31.9 
g.a. 6 
J.2. l 
44.1 
50.7 
55.7 
50. 7 
49.3 
40.4 
61.6 

50.7 
45.9 
3-1.5 
43.7 
57 .. 4 
57.1 

52. J 

46.1 
45.4 
46.9 
45.0 

CI 

201~.0 

2142.8 

6" 3 &. - 
c' 

cc 

.A. a 
e- 
ce 

51.1 - 
-I= .AJ. 6 -- 

51.: 

30.3 
56.4 
39.9 
69.7 
179.7 > 324.9 

:* 551.4 > 546.6 > 595.7 
3 360.1 > -  340.3 
:. 300. 9 
>. 401.4 
'> 405.3 
::. 443.4 
2. 306.6 
> 320.1 
>. 320. 2 
:> 517.3, 
> 338.4 > 362.7 . .ad?. 3 
';e 260.4 
>* 267.1 

334.4 > 251.5 
234.8 
240.1 

>. 204.1 
125.2 
25.2 

a. a 
7.2 
6.1 
6. a 
4.6 

3.7 
5 .  0 
4.2 
8. 3 
7.5 
J. 1 
4.4 
4.3 
3.2 
0.3 
a. 2 
5.4 
3.4 
J. 1 
2 . 3  
s.7 
6.5 
4. (1 
6.4 
z. a 
4.5 
4.5 
5.7 

>* 463.2 

> 3ao.s 

.. 7- 

ia.6 

7. a 

6. a 
6.1 

c 

7 

7.8 
CT 

3.0 
4.0 
8. 5 

11-s 
13. b 
3 Z o  0 
40.9 
41.2 
41.9 36; 3 
25.4 
23. 1.1 
24. (5 
31.4 
27.7 
43.1 
41.4 
30.7 
22.7 
20.6 
20.4 
22.9 
A . 3 .  (:I 
21.7 
19.2 
25.9 
26.0 
19.4 

m- 

i 6 . 1:) 
15.7 
27.: 
14.9 
11.3 

3.1 
2.6 

, 2 0 5  
2.2 
2.1 
2. P 
2.1 
2.1 
2.1 
2. r:, 
2.1 
L. 4 
2.4 
2.1 
2.0 
2. 0 
2 . r:> 
2. .3 
2.1 
2.1 
2. 0 
2 . 1  -- 
2 . 3  
A. 5 
7;. 5 
2.4 
2.4 

2. 3 
2 .2  
1.9 

c - ?  3 . .2 

.7 

- - I  
L. L 

c) 

0 7  
L . 4 

This data generated by Version 2 .2  S i N  008 



INSTRUMENT TYPE: COHPULOGGER S€RIAL NO- 230-01 GJO NO.: C-1615s 

r 

APPRRENT RA-226 ( p C i l g )  - 
0 1000 2000 3000 

0 . 0 
1.0 

3 .0  
4 . 0  

6.0 
7 . 0  
0 . 0  
9 a 0 

10.0  
11.1) 

E 2 . 0  

" c  J.0 
i F f )  

B-19 



0. 0 
0- 5 
1.0 
1.5 
2-0 
2.5 

s . 5  
4. (3 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7. 5 
8.2 
9.0 
9.5 

10.0 
10.5 
11.0 
i 1 . J  

12. J 
1s. 0 
15.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17. Q 
17.3 
18.0 
1s. 5 
1 ? . (:I 
19.5 zo. 0 
3:). 5 
21.0 
-1.5 
22.0 
22. 5 
23. 1:) 
L>.  5 
24. 0 
L4.5 
i d .  0 
25.5 
26. 0 
26. S 
27.0 
27.5 

28.5 
29.0 
29. (1 
29. s 
3:) . (5 
2L)o 5 
51.0 
31.5 
3Z1(j  0 

d4. (.I 
35.5 
54.0 
34.5 
35.0 
2.J- J 
36.11 

2.0 

a.J 

la.  2 

- 
-7 

c)e 

0 ,a. o 

-. 

32.9 -- 

-c 

Depth Observed Rp par en  t 2-Si m a  

( p C a / g )  (ft) (cps) ( p C i  /g )  
Count, R a t e  Rad i urn-226 U n c e r L  n t y  

='=======D==== -----------=======--=====I=-PI--P-rP=--f 

2194.2 
1474.7 
1331 9 
2 l(l6.6 
2140.3 
2495.2 
2899.3 
2771.4 
2757.2 
2794.2 
2962 - S 
4447.0 
3840.7 
4347.2 
3499. a 
3801 3, 
5452.9 
6227.4 
6335.2 
6147.2 
6082.5 
5944.2 
6252.3 
6294.3 

4821 0 0 
6278.7 
5186.1 
4249 0 5 
4108.3 
4538.8 
5262.2 
6022.7 
5916.9 
4397.0 
4446.5 
JJi9.1 
6217.2 
6321.3 
6064 a 9 
5783.1 
5696.3 
5807.8 
5866. 0 
4818.7 
6140.9 

7056. & 
679'1.1 
6294.1 

TT 

=,7 g!L?0.7 

I==- 

7188.2 

T h i s  data 

4443.6 
1671.0 
6.34.4 - 
264.6 
120. 3 
147.9 - 
154.1 
128.3 
109 . .3 
107. 5 
99.6 

118.4 
125.0 
141.6 
130.6 
75.4 
57.8 
59.5 
60.9 
65. 
54.3 
60.4 
55.9 
47.3 

> 563.6 
202.0 
185.4 > - c P  s?4* cl > 474.7 >. 417.2 

>. 516.4 > 439.3 > 462.7 > 493.6 > 482.2 > .553.4 > 6.30.3 
739.0 
565.7 

3 983.2 > 1051.7 
>. 1071.7 > ll:~12.0 > 1025.1 > 958.4 
>* 1060. 0 
>. 1086 a 1 
>* 1166.7 

> 1144.5 > 816.8 > 674.6 > 659.8 
>* 746.7 > 878.7 
> 1048.8 
>* 936.5 > 698.6 
>. 970.5 
:* 1 (?56.8 > 1 lJ71). 9 > 1007.0 > 955.8 
>. 940. 6 
). 963.3 
> 1031.2 

>* 1103.5 
> 1249.3 > 1167.7 > 1159.4 
3 1099.0 
). 781.7 

146.2 
108.9 
23.0 
20.4 
23.8 
22.9 
16.7 
15.6 

10.7 
17.5 
15.7 

20.1 
11.1 
4.8 
6.4 
5.5 
9.8 
4.1 
8.6 
5.  8 
3.4 

? m11.4 

> 9139.3 

> 1~48.2 

). 984.1 

14.8 

21.8  

21.8 
24.6 
26.2 
53.6 
ad. 2 
37. v 
30.1 
20.0 
28.6 
30.2 
53.9 
39.0 
60.5 
51.2 
72.2 
76.2 
65.9 
64.9 
61.1 
61.6 
60. 0 
64.7 
75.2 
80.8  
77.6 
85.7 
58.5 
45.9 
42.6 
45.7 
52.8 
66.6 
73.6 
63.6 
75.2 
67.3 
65.3 
64.8 
60.5 
57 .5  
56.7 
58.3 
71.5 
6% 3 
79. 3 
80. 0 
70. a 
70.6 
73. b 
53.1 
67.0 
27.3 
14.3 
6.5 
3.9 
3.1 
- 0  7 
2 . 5  
2 .5  
2.6 
2.8 
2.7 

3. 0 
A. 6 
L. 4 
2.2 
2.3 
2.9 
2.8 
2.9 
2.7 
1.9 

-c 

z4.7 

.7 

5 .9  
7 

c) 

generated by LOGCALC. PAS Vers ion  2.2 S/N (308 
B-20 



Li 1 PROJECT: PI R A P START DeTE: 850903 

HOLE NUMBER: 008 DATE DRILLED: 850906 

FLUID LEVEL: 48.5 FT. AUGER HEIGHT: 17.0 IN. 

W 
LOCATION: 107SO.ON 23140.OE ELEVATION: 6849.9 FT. 

PHffiE: 1 

INSTRUHENT TYPE: C13MPULOGGER S€RIAL NO. 230-01 630 NO.: C-1815S 

APPARENT RA-226 ( p C i /  ) . 0 1 0!0 2000 3000 4000 

0 . 0 
1.0 

3.0 
4 .0  
9.0 

(FT) 6.0 

7.0 
8 . 0  
9.0 

10.0 
11.0 

E 2 .0  
P 

1:. 0- 
16.0- 
17.0- 

19.0- 
20. U- 
21.07 
22.0- 
23.0- 
24.0- 
25.0- 
26.0- 
27 * 0-  

2 9 . 0 -  
3 0 . 0 -  
51.0- 
52.0- 
33.0- 
34.0-  
3 . 0 -  
5 6 .  0 -  

18.0- 

28. 0- 

E 1  

B-21 . 



38.0 

43.0 
44.0 
4s.  0 
46.0 
4 7 . 0  
48.1) 

9-15 

B-22 



Observed 
Count Rate 

(cps) 
======I==== 

510.2 
433.1 
533.0 
728.4 
1135.9 

1507.9 
843,9 
492- 0 
470.3 

. 1686.5 

491.8 
619.4 
829 -5 

1253.0 
1737.2 
'p-J"L?? 
5259 5 
1925.3 
1960.0 
2253 ~ 

~ ~ 4 6 -  2 - 221...2 
2152.9 

3~11.6 
4975 0 
~ 3 ~ 1  * 7 
4395. 8 
4477.1 
7346.3 
6866.1 
6002.8 444s. 7 
4659.4 
4750.0 
4529. s 
3834 L 2 
4066.9 4'" 443.2 
3872.9 
4398 0 0 

4761.3 
4a05 . 3 
3537 ~ 2 
3541.5 
5613.0 
5095. 1 
4228.2 
4140.4 
4748.1 - 
4941.5 
46.39 0 9 

2145.1 G l . a  

cL* 

2262. a 
T c L  

E-- 

cc 

c7 

4734. a 

CcLC g ~ ~ 6 . 6  

3678.2 
c- 

3884 9 
~ 

219.6 
lba, 3 
161.8 
152.7 
144.8 
151.7 
165.5 
163.8 
142.8, 
103.7 
139.3 
186.4 
AL9.3 
LJ4.3 
224.7 

cLc.) 

230.5 
cLc 

81.5 
56.6 
83.6 
104.1 
182.4 

3 319.1 >- 290.6 
16s. 8 
56.3 
80.8 
69- 1 - 98.0 
121.7 
207.2 

>. 294.2 

>. 43.3. 9 
3 3434.3 
> 401.9 
? 362.9 
;. 572,2 

8. .2&d.4 
). 499.9 
: 924 (5 

>* 255.6 &as. o 

3_4,3.4 

5 9i4I3 
). 905.5 
3 943.3 > 1371.5 
>. 1109.4 > 11>36.4 
> 729.0 
). 817.1 
>. 781.8 >. 770. 8 >- 858.8 > 674.6 > 779.1 ? 538.4 
2 144.7 
>. 895.1 > 1916.7 >. 933.5 
3 499.2 
>. 537.6 >. 800. 7 > 023.4 
:d% 317.8 
>. 626.7 
::. 674.4 

i 843.3 
>* 795.2 > 698.2 
>. 352.5 

88.4 
19.2 
26.7 

4 
Ll.8 
19.3 
~ 1 - 4  
24.7 
24.1 
LO. 6 
15.9 
20.6 
27.1 
3-0 1 
43. 1 
30.4 

>* 023.1 

:* 824.4 

-cL 

.-L 

L) 

27,. 3 

2-Sigma 
Uncertain 

( p C i  / g  1 
:pp===-=== 

5 .  6 
8.0 
7.3 

10.8 
13.0 
20.8 
24.5 
1s. 1 
16.2 
9.3 
8.1 
7.9 
11-4 
14.2 
19.4 
23.1 
28.1 
33.4 
.33. s 
3cj.8 
;4. b 
24.0 
L 3 r  1 
52.9 
36.9 
75.8 
642.6 
63.5 
74.9 

75.2 
63.6 
d J  7 

.52.0 

54.6 
62.6 
~ 6 . 2  
57. (3 
43.0 
&.A. 4 
67.4 
64 . 0 
66.3 
49.1 
60.9 
613. a 
66. z 
56- 9 4s. 1 
53.1 
52.5 
49.7 
50.11 
a&. 6 
24.9 
1.15 . (5 
6.1 
3.8 
3 .  2 
3.1 
4. 1 
3.3  

cL 

-7 

i io. a 

25. (3 

38.5 

27.9 

cs 

-cL 

- - 
- *  
7 -  

- 7  

4. L 
4. L; 

3 * d 
3.3 
3.4 
4.1 
4 0 (3 

4.1 
4. a 

r 

B-23 



Apparent 2-Si gma 
Rad i urn-226 

(pC1 / g  1 
Un c er t a i n t y 
(pCi /g 1 

34.2 3.0 
32.4 3.9 
23.2 3.8 
22.4 3.7 
34.3 3.9 
42.8 4.8 

3.9 28.3 
3 0  J 27.0 

19.8 3.1 
16.4 3.1 
27.7 3.8 

3.4 25.6 
10.8 4.2 
9. J 3.1 
14.2 2.7 
9.8 L. 6 
8.6 2.4 
8.2 2.3 
a. a 2.3 
8.7 2- 3 
7.5 2.4 
a. 6 2.0 

======91P=======II=I===~=~- 

33.5 3.a 

7 

7 

7 

10.4 2.0 

c 

T h i s  data generated by LOGCALC.EfiS Version 2.2 S/N 008 

- -  

e 



PROJECT: M R A P START DATE: 850903 

HOLE NUMBER: 009 DCITE DRILLED: 850905 

FLUID LEVEL: 99.0 FT. AUG€R HEIGHT: 54.0 IN. 
LOCAT ION: 1 100 1. ON 22850. OE €LEV AT I ON : 6850.3 FT . 

PWSE: 1 

INSTRUMENT TYPE: CaMPULOGGER SERIAL NO. 230-01 GJO NO.: C-1815s 

APPARENT RA-226 ( p C i /  1 . 0 t 080 2004 3000 4000 5000 
1 1 1 1 

15.0- 
16.0- 
17.0- 
18.0- 
19.0- 
20.0- . 
21.0- 
22.0- 
23.0- 
24.0; 
25.01 
26 .0 -  
27.0- 
28.0- 

30 .0 -  
51.0- 
32.0- 
33.0-  
34. #- 
3s. 0- 

29.0; 



391.7 
345.6 
68.3.6 
1357.5 
1909.2 
2580.2 
5713.2 
3791.1 
1978.2 
214. S 
LOO. 3 
190.4 
309.7 
781.8 

1075.9 

4467.6 
4545. s 
5465.7 
5057. (1 
1996.2 
815. -* 
478.2 
167.5 
60.2 
33.5 
4 3 . 3  
52.9 
50. J 
42.9 

d1 .o 
52.0 
57. s 
44. 5 
52.9 
57.2 
64.3 
21-8 
48.7 
6.7.6, 
6b. .J 
65.6 
61.7 
67.1 
80.7 
90.7 

80.6 
a8.7 - 
67.1 
bo. 0 
b6.3 
6.3.9 
71.5 
67.1 
72.7 
as. 8 
39.  .z 

115.9 
115.7 
1zV. 1 
124.2 
1 12. 0 
34.5 
75.5 
tr4.3 
115.5 
133.6 

4 

27q3. 8 
Te 

as. (1 

e: 

p . 0  

ce 

as. 3 
85.2 

gener at CCJ b y 

65.8 
53.3 
97.3 
236.9 > 392.8 

). 63b .9  > 724.0 > 290.7 
68.8 
50.7 

' 37.7 
18.7 
94. (3 > 334.1 

>* 464.2 
> 766.1 
2. 976. (3 > 1051-6 
>* 285.2 

111.7 
52.8 
18.0 
10. 1 
5.2 
4.2 
4.4 
5.1 
4. 4 
4.3 
4.4 
4.5 
6.3 
4.2 
4.5 
5 .  s 
2.9 
11.3 
5. s 
7.0 
7.0 
3.8 
6- 4 
12.5 
11.2 
9.1 

10.6 
17.9 
10.7 
6. 0 
7.5 
7.4 
6.0 
9.1 
6.2 
7. b 
11.5 
1s. 2 
15.2 
16.5 
17.9 
12.1 
7. s 
2.8 

18.8 

. > 405.1. 

28. 5 

> 580.2 

s. 0 

E 

a. I 

19. a 

14. a 

24. a 

LOGCALC. BAS 

5-3 
12. a 
to. 4 

17.4 
22.0 
28.7 
58-3 
64.1 
49.4 
25.6 
11.4 
6.2 
6.6 

10.9 
18.8 
25.4 
29.5 
36.5 
46.9 
67.9 

11s. 2 
81 .? 

14.7 
7.0 
3.6 
2 . 5  
2.2 
2.2 
2.2 
2. .5 
2.3 
2.2 
2.1 
L.  1 
2.2 
2.2 
2.2 
2.2 
2.4 
2.6 
d.0 
2.5 
2.4 2.3 
L. 3 
2.3 
2.7 
2.6 
2.5 
2.7 
5.4 
2.7 
2.4 
2.5 2.3 
2.3 
2.4 
2.4 
2.4 
2.  a 
5.5  
3.0 
2.8 
2.8 
L.? 
2.7 
2.6 
C .  4 
5 . 0  
3.4 
2.5  

7= 3 34. L 

.-I 

T 

.-I 

- 
cI 

Version 2.2  

. E26 

c 



PROJECT: M R A P START DATE: 850903 

HOLE NUMBER: 010 DATE DRILLED: 850906 

FLUID LEVEL: 99.0 FT. AUGER HEIGHT: 41.0 IN. 
LOCATION: 1 0 4 3 0 . O N  21890.0E ELEVCSTION: 6896.8 FT. 

PHQS€: 1 

INSTRUMENT TYPE: COMPULOGGER SERIAL NO. 230-01 GYO NO.: ~-1815s 

APPARENT RA-226 ( p C i /  h * 
0 1 OS0 2000 3000 4000 5000 

0.0 
1.0 

3 a 0 P 

' 4.0 

(FT) 6 . 0  
7 .0  
8.0 
9 . 0  

10.0 
11.0 

E 2.0 

* 5.0 

12.0- 
15.0- Q 14.0- 
15.0- 
16.0- 
17.04 
18.0- 
19.0- 
20.0- 
21.0- 
22.0- 
23.0- 
24.0- 
25.0- 
26.0- 
27. Q- 
28.0- 
29.0- 
30 .0 -  
31.0- 
32.0- 
33 .0 -  
34 D 0- 
35 0- 
36.0-  



Depth 

( f t )  .----- .-e--- 

> 256.9 
207. s ias. (3 > zs3.0 > 464.9 > 372.7 > 706.7 > 626.4 p 654.8 

j. 800.6 > 874.7 
> *  039.9 

>. 656.5 > 725.2 > 647.1 > 6439 a 
:. 510.9 > 467.1 p 470.0 .; 455.5 
>. 434.5 > 408.7 
3 525.5 
'i. 588.1 
>. 671 . (1) 
3 677.8 > 737.5 :. i31ej.q 
>. 796.3 > 875.4 > 1012.4 
'> 1013.4 
:> 1098.0 

>. 1064. 5 > 1052.9 >. 1114.9 > 833.4 

::. 745. (3 > 661.3 
J.J. 3 

>* 935. 13 

>. 923.6 > 1034.6 
';e 1072. (5 
::. 1 172. 0 
>. 1114.9 

> 111U.l 
>. 1155.0 
::. 1123.6 

> 809.8 
:/. 769.8 

:,' 1136.7 > 1()52.1 

;. 708.4 

;/. 8"' 

> 887.5 

::. 939.0 

>. ioi3.a 
;. 888.6 >. 941.3 
:* 842.5 
>. 671.0 '* 394.6 

105.4 
43.0 

8.5 
9 . 5  

23.6 
22.6 
17.9 
10- 6 
16-5 
12* 4 

5 .  a 
9.6 

is. 5 
19.3 
24.7 
-6- 2 
35.9 
35.4 
47.2 
41-3 
41.4 
49.5 
5.3-8 
50.9 
5.5- 1 
3";. 1 
51.3 
47.5 

.a7 D (3 
31.9 
29.1 
28.8 
28 0 
3 3 . 8  

38.7 
56.6 
41.1 
41.4 
44.5 
49.6 
49.3 
55.2 
70.6 
68.8 
78.7 
70.9 
65.7 
6;. 9 
62.8 
74.2 
55.7 
47.0 
52.4 
53.4 
6 3 .  3 
50.7 
54.6 

62.2 
64. (3 
72.1 
e7.4 

76.8 
83. 0 
b?. 6 
61.0 
55.5 
59.6 
52. !j 
42.2 
25.2 

12- 0 
6.6 
3.3 
2. 6 
2.3 

2.9 
L o  6 
2.6 
2.8 
2.5 

CI 

51:) e 9 

7-9 r) 
4c. - 

5s. a 

74. a 

27.a 

- -  
303 

0 

It 
:a 

r 

B-29 



37.0 
37.5 
38.0 
sa. 5 
39.0 
39.5 
40- 0 
40.5 
41.0 
41.3 
42. (1 
42.5 
43.0 
43, s 
44.6 
44.5 
45.0 
45.5 
46.0 
46.5 

92.3 
112.1 
139.4 
153.1 
116. A 
120.3 
111.8 
104.8 
109- 3 
106.6 
aa. 7 
92.0 
101 . 3 
83.6 
59.4 
59.1 
82.4 
82.4 

101.1 
ab. i 

ll.? 
14.2 
20.9 
24.6 
11.7 
1 .I\ 8 
13.0 
14.4 
23.0 
7.9 
12.3 
14.5 
9.9 
4. s 
5.0 

11.5 
10.1 
7.6 

17.5 

la_. 5 

This d a t a  g e n s r a t e d  b y  LOGCALC.BAS V e r s i o n  2.2 S/N (><)a 

B-30 



PROJECT: 

HOLE NUMBER: 
LOCAT I ON : 

FLUID LEVEL: 
PHASE : 

INSTRUMENT TYPE: 

0.0 
1.0 

P 
3 . 0  
4.0 ' 5.0 

(FT' 6 0 

E 2.0 

7.0 

9.0 
10.0 
11.0 

a.0 

12.0 
13.0 a 14.0 
15.0 
16.0 
17.0 

! 9 . 0  
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 

3.0 
30.0 
31.0 
52.9 
33.0 
34.0 
35.0 

1a.o 

28.0 

36.0 

9' 

M R A P  

01 1 
10180.OM 21800.OE 
99.0 FT. 
1 

COMPULOGGER SERIAL NO. 

APPARENT RA-226 ( p C i /  1 . 
0 108Q 2000 

START DATE: 890903 

DASTE DRILLED: 850907 

AUGER HEIGHT: 33.0 I N .  
ELEVAT ION: 6896 1 FT. 

230-01 GJO NO.: c-miss 

3000 4009 5000 

B-31 



.I 
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644.2 
582.1 
6[:)3. (1) 
1072.9 
1623.7 
202se 1 
2860.1 
3282 D 5 
4152.7 
51~39.3 
5731.4 
6032 5 
5808. 8 
5421 0 
4462.4 4527.3 
5757 0 2 
5839.1 
5752.7 
5644 2 
J5U8 u 7 
5449.7 
5224.2 
4412,1 
4498 ., 9 
5295.3 
4903.2 
4676 (3 
4560 e 9 
4558.1 
4775.7 
4976. S 
4880 e b 
4212.1 
4414.4 
5724.7 
6191.8 
6057. (3 6iss.a 
6181 1 
6153-5 
5766.9 
4404 D 4 
1609. 6 
697.2 
342 ,B  
214.8 
168.7 
150.1 
158.5 
186.2 
203.3 
144.8 
163.0 
252. u 
252.7 
247.4 

2575. s 

c- - T 

3765.1 

228 - 4 

122.6 
120.4 
112.2 
106.7 
96.9 
93.1 
89.6 
108.8 
100 a 8 

104.0 
88-1 
69.2 

163.2 
;> 357.8 > 368.3 > 493.8 > 509.4 
:> 7000 5 
>. 870.4 > 969.9 
>a i 035 0 5 >. 965.4 > 900.0 
? a95.8 
1007.6 

>. 966.8 
' 964.0 
> 931.5 > 917.6 > 917.2 
>. 8&.Z. 5 > 893.8 
>-* 856.5 
>* 921 e 9 
3 815.4 > 772.8 > 7535.2 
';* 747.0 
:> 002. 0 > 043.2 
:> 804. .f 
>. 851.8 > 815.2 

988.4 
/ 1059.7 > 986.3 > 1035.5 > 1031.5 
3 1050,a 
>. 954 6 
>. 923.5 >. 858.5 

171 2 
114.4 
32.7 -2 3 
2t1, 2 
21.7 
28.2 
33.4 
20.8 
26.6 
4.5.2 
36.9 
39.0 
33.9 
29.4 
31.6 
31.4 
23.4 
21.3 
Ztj 4 
19.3 
1% 0 
14.1 
11-8 
9 .5  
16.6 
10.5 

834.6 

5 937.2 

za. 1 

1i.a 

6.0 
7.3 

15. 4 
15.3 
37.3 
41.6 
a7.0 
43.4 
4.20 3 
58.8 
63.8 

47.0 
83.7 
91.0 
71.0 
643.1 
58.3 
Zi60 5 
56.1 
55.3 
55* 4 
55.0 
8.2.3 
89.3 
64.7 
51.6 
47.3 
45.9 
45.7 
48. b 
51.4 
51.6 
79.5 
88.6 
67.4 
66. U 
60.9 
620 6 
61.9 
64.0 
57.7 
59.3 
91.3 
80.4 
32.2 
15- 0 
6.7 
3.9 
3.1 

so 3 
.>e 8 
4.4 
4.4 . 
4.8 
4. (1 
4.0 
3, b 
3.4 
.A.  5 
3.5 
5.2  
3, 8 
4.2 (3 3.2 
5.0 
2 .9  
2.8 
2.8 

'2 .8  
3.1 
3.0 

34" 3 
c7 

28.a 4 

- 

- 

WRP-0 1 

c 
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T h i s  data generated by LOGCALC.PAS 

- -  

Version 2 . 2  S I N  1308 

c 
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PROJECT: M R a P 

HOLE NUMBER: 012 
LOCC\T I ON: 10090. ON 

FLUID LEVEL: 99.0 FT. 
PHASE: 1 

INSTRUMENT TYPE: COMPULOGGER 

0.0 
1.0 

3.0 
P 

' 4.0 
5 .0  

7 .0  
8.0 
9.0 

10.0 
11.0 

E 2.0 

(FT) b.0 

15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.4 
23.0 
24.71 
L J . 0  
-c 

22001 OE 

START DCITEi 850903 
DATE DRILLED: 850907 

AUGER HEIGHT: 52.0 IN. 
ELEVATION: 6897.4 FT. 

SERXAL NO. 230-01 630 NO.: C-1815s 

c 

0 1 os0 2000 3000 4000 5000 APPARENT RR-226 ( p C i /  1 . 
1 1 1 1 

B-3 5 



0. 0 
0.5 
1 D 0 
1-5 
2.0 
2.5 
3.0 
3.5 
4. 0 
4.5 
5.0 
4.5 
6. 0 
6 . 5  
7.0 
7. s 
8-0 
8.5 
9.0 
9. s 

10. 0 
10.5 
11.0 
11.5 
12.0 
12.5 
1s. (:) 
13.5 
1 4 . (I 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 
19 . (3 
19.5 
2(:> , -11 
20.5 
21. (3 
21.5 
LL. 0 
22.5 
23.0 
23.5 
24.0 
-4.5 
25.0 
25. s 

e 

cLc( 

- 

642.2 
595 rn 0 

1296.5 
329 1 . 0 

J9dS. 7 
J767.3 
5162.2 
5285.1 
5935.2 
5938.8 
4620.3 
4605.7 
55'07.3 
5422.4 
5857.6 
5824. (3 
579 L . 0 

dLl2.0 
4796. 0 

4464.0 
5430. (3 
4731. (? 
39.31 . 0 
3479.0 
2745.0 
1421.0 
514.0 
i44.0 
114.0 
98.0 
135. (3 
127.0 
79. (1 
55.0 
61.0 
59. 0 
63.9 

57.4 
45.2 
41.5 
42.4 
60.6 

48.6 

J a m  7 
71.4 
SO. 5 

3"$5.2 

2$35. (1 

3958. o 

-0- 

st- 4.2.4, 

p. 4 
2s. J 

105.6 
79.4 

>. 576.7 
2. 896.9 > 1043.8 
>* 969.8 > 810.1 > 866.5 > 1031.5 > 1021.2 > . 972.9 
3. 703.1 > 981.4 

> 931, . 7 > 982.3 > 951.0 
>. 858.8 

17a.2 

:. 845.8 
5. i ox) .  a 

5. 796.a >- 818.0 > aoi.6 
? 9%. 3 
>. 759.8 
>. 643. (1 
). 601.8 
3 485.5 

195.2 
56.1 
34.1 
16.3 
12.0 
21.3 
18.9 
7.1 
4.2 
7.2 
5.1 
8 .  (3 
3.0 
11.3 
2.4 
3.2 
1.9 
6. tr 

12.1 
4. 0 
4. s 
4. 0 
10.3 
6.6 

T h i s  data Generated by LOGCALC.PAS 

7.0 
6 

3h. 7 
40.3 
59.9 

59.6 
55.6 
44.9 
65.7 
65.8 
75.1 
01.1 
71.2 
61.2 
6B. 8 
59.5 
60. 1 
57.8 
JL .  5 
JL. 2 
03.6 
72.7 
77. s 
52.1 
40.9 
$8.9 
44. 0 
-4. b 
16. S 
7. s 
4.4 
3.4 
5.4 
5.0 
2.6 
2.5 
2. s 
2.2 

ba. 3 - 

L-.cI 

C C L  

r )  

- -  
.7 
L. s 
$1; - 
a. 5 
2.1 
2.1 2.2 
2.7 
2.4 
L .  1 
2. z 
2.7 
1 .? 

.l 

Version 2 . 2  

B-3 6 



PROJECT: M R A P START DATE: esowz 
HOLE NUMBER: 013 DATE DRILLED: 850904 
FLUID LEVEL_: W0 0 FT. AUGER HEIGHT: 20.0 INo 

LOCATION: 11326.5N 21025.5E ELEVATION: 6934.7 FT. 

PHASe: 1 
INSTRUHENT TYPE: PRS-I RllSCAL SERIAL NO. 7 s  GJO NO.: C-3572s 

c 

0. 
1 .  
2. 
5 .  
4 .  
5 .  
6 .  

D 
E 
P 
T 
H 

(FT)  

7. 
8 .  
a. 

14.9 
J. 5 
12.3 
lo. 7 
13.3 1s. 1 
1 5 0 (3 
L a o  9 
18.6 
1 4 D (5 
16. f 
15.7 
13.1 
9. 0 
5 . 9  

12.1 
3 s 1:) 
9. a 

c 

7.9 

1.4 
1 . '7 

1C.d 
1.4 
1.8 
1.0 
2.5 
1.7 
1.6 
1.5 
1 a 4 
1.2 - 
1.4 
1.d 
1.4 
l .J  

1 .a 1.5 

1.5 

T h i s  data qenerated by LOGCALC.PGS Vsrsicrn. 2 . 2  S/N 008 



APPARENT RABXUM-226 CONCENTRATION MRP-014 

PROJECT: M R A P STCIRT DATE: 830903 

HOLE NUMBER: 014 DCITE DRILLED: 850908 

F L U I D  LEVEL, 99.0 FT. AUGER HEIGHT: 8.0 IN. 
LOCRTION: 1127O.ON 20400.QE ELEVATION: 6982.4 FT. 

PHEISE: 1 

c 
INSTRUMENT TYPE; PRS-1 RASCRL SERICIL NO. 813 GJO N0.a C-3998s 

D 
E 
P 
T 
H 

(FT)  

0 10 20 30 40 5 0 
CIPPCtRENT RR-226 ( P C i / g )  

I -  I ~ I I I 
0.0' 
1.0- 
2.0- 
3 . 0 -  
4.0- 
5.0- 
6.0- 
7.0- 

9 . 0 - .  

~ - 

e .+  
-. 

"J 3-15 "15 ;.1s 88881 4:s m 

l m ?  

1.9 
1.1 
1. 0 
1 m (3 
1.4 
1 D 1:) 
1.6 
1.4 
2.8 
L.  2 
1.9 
1.7 
1.3 
1.8 
2. 1 
2. 4 
2.8 
J .  2 

I l  

r \ - z  
L rn d 

c 

This data generated  b y  LOGCALC-BAS (Jar B i on 

8-3 8 



APP61REQdT 

INSTRUMENT TYPE: 

M R A P  START DhTE: 850903 

015 DPITE DRILLED: 83’0909 
101 15. ON 20534. JE ELEVBTION: 6841.5 FT. 
99-0 FT. AUGER HEIGHT: 52.0 IN. 
1 

CQMPUtOGGER SERIAL NO. 230-01 GJO NOo : C-1815S 

c 

7.0-1 
8.0- 
9.0- 

t o .  0- 
11.0- 
12.0- 
13.0- 
14.0- 
13.0- 
16.0- 
17.0- 
18.0- 
19 .04  
20.0- 
21.0- 
22.0- 
23.0- 
24.0- 
25.0- 
26.0- 
27.0- 
28.0- 
29.0-  
30.0-  
31.0- 
32.0- 

34.0 

, 

ilPPARENT RA-226 ( p C i / g )  10 . 20 30 40 5 0 0 
I .  1 1 1 1 1 

0. #d t ’  

I D  1.0- 
E 2.0- 

3 . 0 -  
4.0- 
5.0- 

(FT’  6,O- 

P 

B-39 



24.7 
22.4 
24.8 
30.6 
29.3 
31 .? 
27. b 
25.0 
25.? 
25.7 
25.7 

23. v 
28.9 
23.3 

29.8 
TT 

$9: Y 
34-5 
40.4 
38.3 
38.5 
31.6 
29.3 

38.2 
s7* 0 
d.7 
44.2 
51.2 
64.4 
57.9 
45.4 
59.1 
41.8 
40.7 
57.7 
31.4 
35.1 
35. s 
31.3 
27.4 
30.4 
35.6 
35.2 
43.4 
34.3 
44.4 
29.8 
25.4 
18.4 
19.8 - 
20.5 
13.9 
10.5 
27.6 
37.2 

A?. 9 
23.7 
10.0 
19.4 
17.5 
20.5 . 
20.0 
27. b 
37.6 
39.4 
39.7 
5s. 9 
26.3, 

?e r) 
44. c- 

2% 5 

-- 
7T 

20. g 

24.7 

S 1.0 
t; 1 rn 0 
4. 1.0 

1.6 
<: 1.0 

2.0 < 1.0 < 1.0 
t: 1.0 < 1.0 

1.0 
1.4 
1.0 
1.3 
1.0 
1.6 
2.8 
1.1 
3.6 
2.0 
2 . 9  
3.0 
1 . (1 
L. 2 
2.6 
1.9 
3.0 
2.0 
5 .6  
4 .1  
7.8 
9.6 
3.3 
2.2  
3.5 
2.8 
2.  b 
1.0 

2.3 
1.0 
2.1 
1.5 
2.3 
1.9 
1.5 
2. 0 
1.7 
1.1 
1 0 0 
1.0 
l o 0  
1.0 
1 . 0 
1 . 0 
1.0 
1 . 0 
3.0 
1.7 
1.2 
J . 0 
1.0 
1 . 0 
1.0 

1.U 
1 . 0 

2.6 
3.1 
1.5 
1.5 

CI 

1.a 

1.9 

2. a 

T h i s  data generated b y  LOGCALC.EAS 

1.9 
1.9 

, 1.9 
1.9 
1.9 
1.8 
1.8 
1.0 
1.8 
1.8 
1.9 
1.9 
1.9 
1.0 
1.9 
1.9 

2 . W  
1.9 
1.9 
2.0 
A. 0 
1.9 
1 .? 
1.9 
1.9 
1.9 
1.9 
2.0 
2.2 
2.5 
2.2 
2.0 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.7 
1.8 
1 . d  
1.9 
1.9 
1.8 
1.8 
1.0 
1.8 
1.7 
1.8 
1.0 
1.0 
1.9 
1.9 
le? 
1.8 
1.7 

1.y 

CL 

Version 2.2 S I N  008 

c 



PROJECT: M R a P START DCITE: 850903 

HOLE NUMBER: 016 DATE DRILLED: 850909 

FLUID LEVEL: 10.8 FT. AUGER HEIGHT: 19.0 IN. 
LOCATION: 9 7 9 8 . 0 N  29447.0E ELEVCST I ON s 6820 - 0 FT . 

PHRSE: 1 

1.0- 
2.0- 

I 

E 

INSTRUMENT TYPE: COMPULOGGER SERIAL NQ- 230-01 GJO NO.: c-1815s 

0.01  

3 . 0 -  
4.0- 
5.0- 

7.0- 

P 

H 

( F T )  A. 0- 

? 
- 

9.0- 
10.0- 
11.0- 
12.0- 
93.0- 
14.0- 
15.0- 
16.03 



Depth 
I f t )  

0.0 
(3.5 
1.0 
1.5 
2. 0 
2. 5 
3.0 
3.5 
4. 0 
4.5 
5. 0 
5.9 
6. 0 
6 .5  
7. 0 
7 .5  
8.0 
8 . 5  v . 0 
9.5  

1 (1) . (:) 
10. 5 
1 1 . (3 
11.5 
12.4 
13.0 1s. 5 
14.0 
14.5 
15. (3 
15.5 
16.0 

12.2 

24.8 
LJ. 4 
26.7 
26.9 
24.8 
28.7 
26.2 
22.8 
23.2 
26.2 
30.6 
30.3 

al.2 
L-l. 8 
24.9 
29.1 
28.2 

40.9 
28.3 zt3.s 
18.1 
19.2 
10.5 
14.7 
19.1 
20.2 
18.3 
18.3, 
21.6 

cI= 

..l- c 
LL. J 

28.4 
32. b 
c)e 

p a  

1.0 
1.0 
1.3 
1 .o 
1.2 
1.0 
1.0 
1.0 
1.6 
1.0 
1.3 
1.7 
1.3 
1.0 
1.7 
1.0 
1.0 
1 .s 
1.1 
1.9 
1 . 0 
1.0 
1.0 
1.0 
1 . 0 
1.0 
1 m 0 
1.0 
1 - 0  - .  . 

1.0 

This data g e n e r a t e d  by  LOGCALC-BAS 

1.8 
1.8 
1.0 
1.8 
1.9 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.0 
1.8 

1.9 
1.8 
1.8 
1.8 

1.9 
1.8 
1.8 
1;8 
1.8 
1.8 

1.8 

1.8 

1.8 

1.8 
1.8 
1.8 _ -  - 
1.7 

t l er s ion  2.2 S I N  008 

- -  

e 



PROJECT: M R A P START DATE: 850903 

HOLE NUMB€Fk 017 DATE DRILLED: 850908 

FLUID LEVEL: 99.0 FT. AUGER HEIGHT: 27.0 IN. 
LOCAT I ON : 10035. ON 23005. OE ELEVFaTION: 6782.2 FT. 

PHASE: 1 

ItdSTRUMENT TYPE: PRS-1 RASCAL SERIAL NO. 813 GJO NO.: C-3958s 

&43 



APPARENT RFbH)IUM--226 CONCENTRATION M R P - - 0 1 8  

PROJECT: M R CI P 

HOLE NUNBER: m a  
LOCATION: 10365. ON 23&OS. OE 

FLUID LEVEL: 7.8 FT. 
PHASE: 1 

START DCITE: 850903 

DATE DRILLED: as0908 
ELEVCITION: 6803.8 FT. 

WGER HEIGHT: 17.0 IN, 

INSTRUMENT TYPE: PRS-1 RASCAL S E R I A L  NO. 813 GJO NO.: C-3958s 

CIPPkRENf RA-226 ( p C i / g )  
0 23 50 75 

e:: 

5-15 

T h i s  data qenerated by LOGCALC. BAS 



PROJECT: 

HOLE NUMBER: 
LOCAT I ON : 

FLUID LEVEL: 
PHas€: 

INSTRUMENT TYPE: 

M R A P  START DCSTE: 850903 
019 D A E  DRILLED: 850908 

9360.0N 21405.0E ELEVATION: 6937.2 FT. 
99.0 FT. AUGER HEIGHT: 11.0 IN. 
4 
I 

PRS-1 RASCAL SERXfiL NO, 813 GJO NO.: C-3958S 

0 10 20 30 4 0 5 0 APPARENT RA-226 (pCi/g) 
I I I I I I 

0 .  I1-l 
1 . 0 -  

3.Q- 
E 2.0- 

4 . 0 1  

P 

H 
(FT) 

T h i s  data generated b y  LOGCALC.BAS Vers ion 2.2 S/N (338 



PROJECT: M R A P 
HOLE NUMBER: 020 

FLUID LNEL: 99.0 FT. 
PHASE: 1 

LOCATION: 10760.ON 2070S.QE 

START DATE: 850903 

D&l€ DRILLED: 850908- 

CIUGER HEIGHT: 9.0 IN.  
ELEVATION: 6871 . 3 FT. 

INSTRUMENT TYPE: PRS-1 RASCAL 

APPARENT RA-226 ( p C i / g )  
0 10 

S€RICIL NO. 813 GJO NO.: C-3998s 

29 30 40 
I 1 1 1 

0.9= 
1.0- 
2.0- 

E 

3.0- P 

4.0- H i 



PROJECT: M R A P START DRTE: 850903 
HOLE NUMBER: 021 DATE DRILLED: 850908 

LOCATION: lO16O.ON 20205.0E ELEVRT I ON : 6884.8 FT 
FLUID LEVEL: 99.0 FT. AUGER HEIGHT: 31.0 IN. 

PHAS€: 2 

INSTRUMENT TYPE: PRS-1 RASCAL SERIC\L NO. 813 630 NO,: C-3958s 



PRaJECT: M R A P START DATE: 850903 

HULE MlPlBER: 023 DATE DRILLED: 850911 
FLUID LEVEL: 10.0 FT. AUGER HEIGHT: 0.0 IN. 

LOCATION: 11294,ON 22143.5€ ELEVEITION: 6877.9 FT, 

PHASE: 1 

XNSTRUMENT TYPE: CUMPULOGGER SERIAL NO. 230-01 6JO NO.: C-lelSS 

E 2.0 

" 5.0- 

3 . 0 -  
4.0- 

6 . 0 -  
7.0- 
8.0- 
9 . 0 -  

10.0- 
11.0- 
12.0- 
13.0- 
14.0- 
15.0- 
16.0- 
17.0- 
18.0- 
19.0-  
20.0- 
21 .0 -  

23. Q- 
24.0- 
2 5 . 0 -  
26.0-' 
27 0- 

29.0-  

P 

!FT) 

22.0- 

28.0- 

iNT RA-226 ( p C i / g )  * 
10 20 30 40 s 0 

1 1 1 1 

8-48 



35.1 
42- 4 
48.4 
47.7 
55.3 
59-8 
74.4 
94.6 
107.6 
81.7 

33.5 
49.7 
45. (3 
41.5 
50.9 26.0 
.A. 6 
33.5 

4.2 D v 
Za.6 
31,3 
31.0 
31.0 
32-0 
31.0 
29.9 
26.2 
26. S 
25. 3 
24.5 
26. 5 
Ab. 6 
29.1 
31.5 
.A) 0 1 52.2 
32.7 
32.4 
.>a. 8 
z5- 1 
34.8 
52.1 
36.4 
37.6 
41.9 
41.5 
44.4 
45.1 
41.9 
43.5 
45.0 - 
46.9 
49. .5 
54.1 
65.2 
87.1 
94.3 
89.7 

25.3 

--c 31.3 

-- 
f - C  

1.9 
1.5 
2.4 
1.5 
304 
C.? 
5 -  4 
8.3 

11.1 
6 -  0 
6.0 
2.2 
2.6 
1-5  
1.5 

1 . u  
1.0 
1 0 0 
1 0 0 
3.3 
1.0 
1 m 0 
1.0 
1 D 0 
1.0 
1.0 
1 . 0 
1-0 
1 . 0 
1 . 0 
1 D (3 
1.0 
1.0 
1 0 
1 D 0 
1.0 
1 0 0 

1.U 
2.9 
1.0 
le0 
1 0 
1.3 
1.5 
2. C) 
1.5 
2.4 
2.0 
404 
1.5 
2.5 zo 3 
2.8 
4 D s 
9. L 
9.1 
0 .0  

e 

1-9 

1.9 

7 

4.3, 

1.7 
1.8 
1.8 
1.8 
1.9 
2.0 
& o  1 
2.3 
2.2 
2.1 
2.0 
1-9 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
2.2 
2 . (3 
1.3 
1,,9 
1.9 
1.9 
1.9 
1.8 
1.8 
1.9 
1.9 
1.8 
1.8 
1.0 
1.8 
1.3 
1.9 
1.9 
1.9 
1.9 
i. 1 
L e  0 
1-9 
1.9 
1.9 

L (.) 

2.0 
L o  0 
2.1 
2.2 
2.1 
2. (1 
2.0 
2.1 -- 
2.1 
A. 2 
i. b 

L. (3 

1-9 
c) 

CI - 
1.9 
.-I 

CI 

* 
CI 

C I E  -. 3 
‘L 

T h i s  data generated b y  LOGCALC PAS V e r  s i on 2.2 S t’ N 008 
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PROJECT: .M R A P 
HOLE NUMBER: 024 
FLUID LEVEL: 12.6 FT. 

PHASE: 1 

LOCATION: 11276.5N 23107. SE 

s.0- 
6 . 0 -  

. 7.0- 
8.0- 
9 . 0 -  

10.0- 
11.0- 
12. 0- 
13. 0- 
14.0- 
15.0-. 
16.0- 
17.0- 
18.0- 
19.0- 
20.0- 
21.0- 
22.0- 
23.0- 
24.0- 
29.0- 
26.0- 
27.0- 

29.0-  
30.0- 
31.0- 
32.0- 
33.0-  
34.0- 
35.0- 
36.0-I 

!FT) 

. 28.0- 

START DATE: 850903 

DATE DRILLED: 850910 

AUGER HEIGHT: 0.0 IN- 
ELEWTION: 6868.4 FT. 

INSTRUMENT TYPE: WMPULOGER SERIAL NO. 230-01 GJO NO.: c-ieiss 
c 



. 

CIPPAIENT RCI-226 ( p C i 6 9 )  20 3 0 4 0 50 
I i 

37.0+ 

39 a 0- 
40.0- 
41.0- 
42.0- 
43.0- 
44 0-  
45.0- 
46.0- 
47.0- 
48.0- 
49.0- 
50.0- 
51 .O- 

38.0- 

*;5 0 ' 5  m 5-15 m "15 m >1J m 

c 



0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.3 
6. (? 
6.5  
7 .  (3 
7 . 5  

0 .5  
9 .  (1 
9.5  
10.0 
10.5 
11.0 
11.5 
12. (5 
12. s 
13.0 
13.5 
14.0 
14. 5 
15. 13 
15- 5 

a. o 

27.1 
23. s 
22.9 
20.1 
L.J.0 
27.4 
32.1 
42.6 
30.7 
59.2 
51.5 
41.0 
23.8 
26.7 
28.0 
&J. 8 
24.2 
25.0 
r6.0 
27.8 
21.7 
dl.9 
34.8 
43.7 
45. s 
57.4 
67.1 
75.2 
6304 
46.6 
z7.9 
z2.0 
a4.0 
SL.  5 

34.6 
52.9 
24.2 
47.5 
43.9 

26. - 
25.9 
27.5 
26.6 
26.0 
25.9 
23.6 

S 1 . d  ' 

29.  a 
25.7 
32.6 
24. 2 -*-. 9 
31.7 
.5?. 1 
45.1 
44.7 
40.5 
47. 5 
45.4 
42.3 
Z 8 . 0  
41.2 
44.7 
46.6 
55.1 
65.9 
76.5  

CIC 

-le 

.l 

29.4 

34.2 
--l 

-c 44. L 

-c 

za. 4 
27.2 

Z1.A 

23. a 

-- 
--l 

1 m 6 
1.0 
1.0 
1 e 0 
1-0 
1.0 
1.0 
1.6 
2.2 
4.6 
5.3 
1.0 
1.0 
1 . 0 
1 . (3 
1 . (3 
1 . 0 
1.0 
1.0 
1 . 0 
2.1 
1.0 
1.0 
1 .? 
1.1 
3.3 

6 . 0  
2.2 
3.7 
1.0 
1.0 

, 1.1 
1 . 0 
1 . 0 
1 . 0 
1.0 
1 . (3 
1 . 0 
6 .7  
1 . 0 
2.1 
1.0 
1 . 0 
1 . (3 
1 . (3 
1 . 0 
1.0 
1 . 0 
2.3 
1 . 0 
1.0 

1 . 0 
1 . 0 
1.2 

1 . (.I 
1 . (5 
4.4 
1.4 
2.4 
2.3  
2. b 
2.4 
1.9 
1 . (1) 

5 .  a 
4. a 

1.9 

1 . I? 

- 

l .z  
CI -. 3 
c .  J. L 

c -  
J .  4 
5. 1 

6.7 

1.7 
1.7 
1.7 

1.8 
1-8 
1 e? 
2.0 
2.1 
1.9 
1.8 
1.8 
1.8 
1.7 
1.7 
1.7 
1.7 
1.8 
1 .? 
1.3 

107 

i.a 

1.8 
1.8 
1.9 
1.9 
2.3 
2.4 
2.3 
2.2 
L. 2 
2.0 
1.9 
1.9 
1.9 
1 .? 
1.9 
1.9 
1.9 
2. 0 &. i, 
2.2 
b . 0 
1.9 
1.a 
1.8 
1.8 
1.8 
1.8 
1.0 
2.0 
1.9 
1.9 
1.9 
1.3 
1.9 - -  
I . ?  
1.3 
1.3 
2.0  

2.1 
0 .0  
2.1 
A. 1 
2- 0 
2.  3 
2. (3 
2 .  0 
a. 1 

-l 

0 

0 

C I -  - . 4 
CI 

0 

C I -  
A. 3 
m C I  
0 -  -. 4 
.l 

-. - 
C .  4 

c 

B.52 



Obser vad Apparent 2-Sigma 
C o u n t  R a t e  Radi urn-226 Unc er t ai n t  y 

epth 
f t )  ( c p s )  (pC1 /q) cpC1/g) 

. = = = - = = = = = = = = = = = = = = = = r = = p = = = = = = = = = r =  

57.0 85.2 a. 4 
83.1. 7.8 

6. a 37.5 sa. o 72.3 5 
58.5 45,s 1C.O 
39.0 39,6 1.6 
39.5 40.7 2.0 
40.0 37.2 3-3 
40 D 5 56.4 1 D 0 
4 1 0 1:) 36. 5 1.4 

3"J.s 1.0 
42. C) -c .fcr.9 1.6 
41.5 
42. 5 27.1 1 e 0 
43.0 19.9 1.0 4s. 5 17.7 1 0 0 
44 a (2 20.7 1-0 
44. s 25.9 1 D 1:) 
45. (3 15.6 1 D 0 
49.5 14.3 a D 0 
46.2 16. S l o o  
460 4 2'1.3 1 0 

26.3 1 0 0 
1 0 (1 47.0 

47. s 25.2 
48.0 21 (5 1 , O  
48.5 1% 2 1 0 
49 0 -1 -2 1.0 
49.5 23- 0 1-0 

5':). 5 25.7 1-0 
d 1 . (J 25.6 1 0 (? 
51.5 " 32.5 1 . w  

50.0 25.6 1.4 
<: 
<: 
4 

2.6 
2 - 5  
2.4 
L. (1 
2, 0 
L o  1 
2. (j 
1.9 
1 .? 
1.9 
1.8 
1.7 
1.8 
1.9 
1.8 
1.7 
1.7 
1.8 
1.8 
1.8 

1.8 
1.8 
2.0 
1.9 
1.9 
1.7 . 

0 0  

c) 
-:a L 

CI 

1.8 

i.a 
1.8 

is data generated by LOGCALC.EAS Version 2 .2  S / N  008 



APPARENT RADIUM--226 CaNC€NTRfiTION 

PROJECT: M R CI P 

HOLE NUMBW: 025 
LOCATION: 11106.5N 

FLUID LEVEL: 99-0 FTw 
PHCISE: 1 

START DATE: 850903 
DATE DRILLED: 850904 

AUGER HEIGHT: 56.0 IN. 
2069 1 . OE ELEVATION: 6912.1 FT. 

INSTRUNENT TYPE: PRS-i RGSGL SERIAL NO. 753 GJO NO.: c-3572s 

APPCIRENT RG-226 ( p C i / q )  
0 2s 75 

M R P - 0 " L S  

r 

0 . 0  * 1.0 
E 2 .0  
p 7  d.O 

2969.5 
2006 w 9 
4298.6 
3302. 0 
5062.5 
3709.6 
3332.4 
1175.8 

. 549.4 
437.5 
369.7 
240. (1 
248.5 

59.6 
.loo. 2 
91.2 
57.5 
56.6 

76.8 
5.  [., 

4.8 
5 .  S 
4. b 
4.6 

83.7 

io. a 

4.3 
8.6 
7.0 
5.7  
4.4 
7 . 1  
7.3 

3.8 
1.v 
1.4 
1 .1  
1.1 

a. 7 

. T h i s  data generated by L0GCALC.FAS Version 2.2 S / N  (508 

B-s4 



Appendix C 

BORIFB- AND TEST-PIT G E O T I I m C k L  DATA 

Geotechnioal analyses were perfoxmed on selected borehole and test -p i t  samples 
by Goodson and Associates, Inc., of Lakewood, Colorado. h o c t o r  t e s t s  and 
specific gravity for ta i l ings  and borrow s o i l s  were pedoimed by Rogers and 
Associates Engineering Corporation, Salt Lake C i q ,  Utah. 

C-1 



COOUSON & ASSOCIATES, INC. 
11949 West Colfax Avenue 
Lakewood, Colorado 80215 

SUMMARY OF LABORATORY TEST RESULTS 

Page 1 of 3 - 

December 20,  1985 

GdAI PROJECT NO: 6411.01 

n 
I 
N 

- 
)IGu 
NO. - 

6 52 

661 

787 

74 9 

682 

783 

678 

68 9 

779 

69 7 

714 

706 

72 3 

79 1 

74 1 

732 

,oca t i o n  

8 5-01 

85-02 

85-02 

85-03 

85-04 

85-04 

85-05 

85-06 

85-06 

85-07 

85-08 

85-09 

8 5-1 0 

85-10 

85-1 1 

85-12 

Depth 
(Fee t )  

6-8' 

2-4' 

1' 

2-4 ' 

4-6' 

1' 

6-8 ' 

2-4 @ 

1' 

2-4 ' 
12-14' 

4-6' 

4-6' 

1' 

4-6' 

4-6 ' 

Na t . 
lois t . 

( X  1 

4.6 

4 .O 

27.4 

39.8 

01.7 

5.2 

9.9 

34.4 

21.4 

43.5 

39.8 

40.5 

ia t  . Dry 
D e n s i t y  

(PCF 1 

* 
89.6 

107.5 

92.1 

80.7 

76.1 

96.4 

94 .O 

108.6 

100.7 

66.1 

74.8 

76.4 

: rave l  
(XI 

Sand 
(XI 

Fines  

3 

4 9  

66 

84 

44 

71 

94 

42 

52 

19 

81 

88 

7 8  

49 

72 

87 

A t  t e r b e r g  
L i  PI q 

20 

27 

21 

41 

42 

29 

44 

47 

4 

10' 

5 

NP 

NP 

22 

13  

11 

20 

10 

ASTM D-698 
Densi ty/  
&lo i s t u re 

114.7D4.5 

114.3113.7 

111.2/14.1 

111.8/16.9 

Spec i f  ic 
Grav i ty  

2.57 

2.60 

2.67 

2.64 

2.63 

2.67 

2.61 

2.70 

2.63 

2.63 

2.69 

2.68 

S o i l  Desc r ip t ion /  
USCS 

s i l t y  c l a y  (CL-ML) 

very  s i l t y  sand ( S l )  

sandy silt (ML) 

s l i g h t l y  c l ayey  
s i l t  (ML) 

sandy c l a y  (CL) 

sandy s i l t  (Ski) 

c layey  s i l t  (CL-NL) 

very  s i l t y  eand 
( S m  

sandy s i l t  (HL) 

s i l t y  sand (SM) 

sandy c l a y  (CL) 

sandy c l a y  (CL) 

sandy c l a y  (CL) 

s i l t y  sand (SM) 

sandy c l a y  (CL) 

s l i g h t l y  stlndy s i l t  
(ML) 



11949 West Col fax  Avenue 
Lakewood, Colorado 80215 

f 3  
I w 

- 
NEB 
No. - 

83 4 

835 

776 

766 

830 

768 

83 3 

759 

828 

753 

836 

7 56 

82 6 

84 1 

- 

oca t ion  

85-15 

85-16 

85-16 

85-17 

85-17 

85-18 

85-18 

85-19 

85-19 

85-20 

85-20 

85-21 

85-21 

+0 

Depth 
( F e e t )  

2-37' 

.5-12' 

9-10* 

0-2 ' 

0-5' 

0-2 ' 
0-5' 

0-2 ' 

0-5' 

0-2 ' 

0-3 ' 

0-2 ' 

0-3' 

0-2 ' 

Nat . .  
o i s t .  

( I )  

6.9 

13.2 

11.8 

48.2 

14 .,3 

5 .8 

10.8 

7.5 

'at .  Dry 
Dens i ty  

(PCF) 

12k.O 

SUMMARY OF W O K A T O R Y  TEST RESULTS 

Sand 

6 

52 

P i n e s  
( I )  

82 

82 

79 

31 

81 

65  

80 

70 

73 

80 

71 

43 

29 

A t t e r b e r g  
Lim m 

36 

33 

32 

26 

41  

30 

S 

'I 

14 

10 

14 

6 

7 

10 

ASTM D-698 
Densi t y l  
Mois ture  

102 0 5/ 1 9  7 

113.7/14.9 

108.3117.0 

P03.3/19 .O 

109.8/ 15.8 

101.9118.9 

115.2/13.6 

December 20, 1985 

S p e c i f i c  
Grav i ty  

2.65 

2.61 

2.63 

2.55 

2.61 

2.62 

2.60 

2.54 

GSAP PROJECT NO: 6411.01 

S o i l  D e s c r i p t i o n /  
USCS 

s l i g h t l y  sandy, 
c l a y e y  s i l t  (ML) 

g r a v e l l y  s i l t  (IIL) 

sandy c l a y  (CL) 

c l a y e y  sand (SC) 

g r a v e l l y  s i l t  (E&) 

sandy c l a y  (CL) 

sandy s i l t  (ML) 

sandy c l a y e y  s i l t  
(CL-ML) 

sandy s i l t  o r g a n i c s  
(ML-OL) 

(OE) 

( t o p s o i l ,  OL) 

OE 1 

sandy s i l t ,  o r g a n i c s  

g r a v e l l y  s i l t ,  

s i l t y  sand ,  ( t o p s o i l ,  

s i l t y  sand (SH) 

gritvel ly ,  s i l t y  sand, 
organics (Ski) 

I 



GOODSOtJ 6 ASSOCIA'l'ES, I N .  
11949 West Colfax Avenue 
Lakewood, Colorado 8021 5 

Page 3 of 3 

ClKB 
No. 

84 2 

84 3 

84 0 

839 

838 

-4 

.ocation 

+loo0 

+2 000 

+3500 

+5 000 

+6 500 

Ueyth 
(Fee t )  

0-2 

0-2' 

0-1.5' 

0-2 ' 

0-1.5' 

Nat. 
Loist. 

(% 1 

-- 

Jat. D r y  
D e n s i t y  

(PCP) 

SUMMARY OF LABORATORY TEST WSULTS 

:ravel 
( X I  

56 

0 

2 

%O 

15 

Sand 
(XI 

40 

39 

39. 

40 

38 

Flnes 

4 

61 

59 

50 

47 

A t  t e rbe rg  
ts 
P I  ( X )  

ASTH D-698 
Dens I t  y / 
No I s  t u r  e 

Speclf i c  
Gravity 

2.65 

2.61 

2.66 

2.58 

2.65 

December 20, 1985 

G i A I  PROJECT NO: 641 1.01 

S o i l  Description 
IUSCS 

sandy g rave l  (GP) 
organics  

very s i l t y  sand (SH) 
organ ic s  

sandy s i l t  (NL) 
organ ic s  

g rave l ly  sandy silt 

o rgan ic s  

g rave l ly ,  sandy s i l t  

o rgan ic s  
(XL) 



(;&AI Project No. 6411.01 

TYPE OF 
1hSI ,.. .I I IIIT I AL/ F INAL 

VOID KitTIO 
PElUlCAB I L ITY 

(CHJSEC) 
USCS PERMEABILITY 

(E"/ YhAR) 

b1KB-753 CL 0.71/0.79 97.3 93.7 0.225 2.2 x 10-7 

CLtML 0.71/0 .67 9s.9 95.4 351 - 8  3 - 4  I( 10-4 MKB-756 
n 
I u 

CON STANT 
IIEAO 

MKB-756 CLJEIL 0.7 1/0.71 96.9 96.2 1237.6 1.2 X 10-3 PALLING 
1 I E U  

NKU- 7 S9 CL 0.74/0 e 68 95.1 94 .o 2 e07 2 .0  X '10-6 

CL 0'. 7 7 / 0 e 7 5 96.0 93.2 0.062 6.1 X 10-8 M U - 7  66 

NKO-768 sr1/sc O.68/OI  62 95.8 95.4 20.7 CONSTANT 
Ill:kD 

2*10 I 10-5 

II.IKB- 7 68 s14/sc 0.64/0 511 96 .O 978.8 238 .S 2.3 X 10-4 ' 



SUMNARY OF PEWABILITXES 
DETERkfIiJED FROM CONSOLIDATION DATA 

Sample No. USCS Initlal/Ffnal Load Permeability Permeability 
(MKB NO.) I Void Ratio PSF (ft/year) (cm/sec> 

1.8 10-7 
2.2 10-7 

1.008/0.998 3,200 0.170 1.7 10-7 
I 0.978/0.973 6,400 0 .OlO 9.3 10-9 

0 95 U0.946 12,800 0.010 9.2 10-9 

661 ML 0.847/0.844 800 0.030 1 2.9 x 10-8 

0.816/0.813 1 3,200 1 0.008 8.1 10-9 
0.804/0.793 6,400 1 0.104 1.0 10-7 
0.771/0.768 12 , 800 0.007 l 6.4 10-9 

25,600 0.007 7.2 10-9 

I 
652 a-ML 1.046/1.043 800 1 0.185 

3.027/3.021 1 1,600 0.232 

0.917/0.906 25,600 1 0.016 1.5 x 10'8 

3.1 x 10'8 ~ I 0.834/0.830 1 1,600 0.032 

1 0.741/0.735 
I 

749 ML 0.928/0.921 1,600 0.020 
1 0.908/0.900 3,200 0.008 

0.885/0.860 1 6,400 0.007 
0.854/0.815 12,800 1 0.004 

682 C L  0.635/0.629 800 1 0 .OEO 
I 0.623/0.618' 1,600 0.028 
I 0.607/0.604 1 3,200 0.013 
I 0.595/0.590 6,400 0.041 

0.571/0.558 12,800 0.006 
0.007 0.538/0 3 2 1  

678 a-m 1.008/0.968 I, 600 0.029 

0.856/0.814 12,800 0 0009 
I 0.798/0.750 1 25,600 0 .OS8  

1 0.939/0.936 1 , 600 0.199 
0 . 923 /O . 915 3,200 0.220 

0.037 
1 0.908/0.879 1 6,400 1 0.029 

25,600 I 
0.956/0.939 3,200 

1 

689 SX 0.947/0.945 800 0.218 

0.892/0 -88.5 6,400 0.060 
I 0.858/0.848 12,800 0.043 4.1 x LO-8 

0.202 1.9 10-7 

0.011 ~ LO 10-3 
0.839/0.834 12,800 0 . 005 -5.1 It 10-9 

0.023 2.2 x 10'8 1 0.008 1 8.0 10-9 

I L 3,200 0.017 1.6 x 10'8 
1,600 

0 902/0.898 
0.874/0.869 6,400 

I sa I 0-920/0.918 697 

i 3'200 1 I 0.951/0.909 6,400 
714 1.007/0 . 977 

0.888/0.827 12,800 I 0.007 6.8 x 
I 

C-6 



Sample 30- 
( L X K E  NO.) 

7 06 

791 

741 

732 

7 68 

776 

USCS 

CL 

SM 

CL 

ML 

C L  

CTi 

Note: 

SUMMARY OF PERMEABILITIES 
DETERMINED FROM CONSOLIDATION DATA 

I ni t id /Final 
Void Ratio 

0.757/0 -756 
0.750/0.734 
0.671/0.662 

1.077/1.074 
0.998/0.981 
0.955/0.947 

1.677/1.675 
1 654/f -647 
f.405/1.326 

1.468/1.465 
1.456/1.448 
~434/1.425 
1.401/1.351 
1.290/1.208 
1.134/1.031 

0.688/00686 

Load 
PSF 

800 
1,600 

12 800 

800 
6 400 

12 800 

800 
1,600 
12,800 

400 
8 00 

1,600 
3,200 
6,400 

12, a00 

1,600 

3,200 

Permeability 
( f  t/year) 

0.087 
0.044 
0.061 

0.185 
0.154 
0.037 

0 113 
0 223 
0-161 

0.361 
0 0 221 
0 173 
0.361 
0.184 
0.090 

0.069 

0.215 

Initial and F i n a l  Void Ratios are based on 
do and d1Oo readings from 

I 
Taylor plot. 

Permeability 
(cm/sec 1 

805 x 10'8 

5 . 9  x 10-8 
4.2 x 10'8 

1,8 10-7 
1 .s 10-7 
3.6 x 

1.1 10-7 

L 6  10-7 

3.5 x EQ-7 
2.1 x 10-7 
1 . 7  10-7 
3.5 10-7 
1.8 10-7 

5.1 x 

8.9 x 

6.8 x 

2.1 10-7 



GOODSON 6 ASSOCIATES, I N C  - 
11949 E S T  COLFAX AVEEillE 
LXKEUOOD, COLORADO 80215 

CAPILLARY WATER TEST RESULTS 

Percent Capillary Water a t  1 5  Bars censioa (ASTM D2325 - 68/81) 

XKB NO. 

652 

66L 

6 78 

6 89 

697 

7 14 

7 23 

732 

74 1 

749 

753 
- 

756 

7 59 

766 

768 

7 06 

7 76 

682 

LOCATION 

85-01 

8 5-02 

a 5-05 

85-06 

85-07 

85-05 

85-10 

85-12 

85-11 

8 5-03 

85-20 

85-21 

85-19 

85-L7 

85-18 

8 5- 09 

(15-16 

85-06 

C-8 

DEPTH - 
6-8 

2 -4 

6-8 

2-4 

2-4 

12-14 

4-6 

4-6 

4-6 

2-4 

0-2 

0-2 

0-2 

0-2 , 

0-2 

4-6 

9-10 

4-6 

(by weight)  
% WATER 

4.2 

2 8 . 9  

3 4 . 4  

12.5 

7 . 6  

23.5 

33.L 

37.5 

7 . 4  

17.9 

14.2 

8.4 

9,. 6 

7 . 0  

12.1 

26 -4 

L L -  1 

5.3 



LL 
0 a 

- I  
>- 
I- 
v) z 
W 

>- 
D 

- 
n 

a 

I LOCAY I ON: 

H O L E  NO.: 85-02 D E P T H :  1' SAMPLE NO.: w - 7 8 7  

ZERO A I R  VOID CURVES 

MO I ST U RE - DElN S I T Y 
R E  L A T  I ON SH I P S  

= - 2.60 

1 

X. DRY D E N S i T Y :  114.7 PCF O P T .  MOIST. C O N T E N T :  1 4 . 5  'O/e 

0 5 10 15 2 0  ' 2 5  3 0  3s 

GOODSON 8 ASSOC. INC. 
PROCEDURE'. ASTM D-698 !-lethod A 

MOlSTURE C O N T E N T  - P E R C E N T  OF IDRY W E I G H T  

JUCD LIMIT: . P L A S T I C I T Y  INDEX: 

1 G R A V E L :  - 'j'o SAND: 7 - 0 '/a SILT A N D  CLAY (-200): '/o 

JOB NO.: 6411.01 . FIG. NO. 

DATE:  09-16-85 

c-9 



ZERO AIR VOID CURVES 

SPECIFIC = 2-70 

0 5 IO 20 2 5  30 35 

MOISTURE CONTENT - PERCENT OF DRY WEIGHT 

OCAT ION: MOISTURE- D E N S I T Y  
IOLE NO.: 85-04 DEPTH: 1' SAMPLE NO.: m - 7 8 3  R E L A T I O N  SH I PS 
;OIL DESCRIPTION: sandy silt (SM) GOODSON 8 ASSOC. INC. 

OPT. MOIST. CONTENT: 13.7 '/e PROCEDURE-  ASTM D-696 lqechod -4 - [AX. DRY DENSITY: 1 1 4 . 3  PCF 

IOUlD LIMIT: PLASTICITY INDEX: JOB NO. 6411.01  FIG NO. 
iiZAVEL: - '?/e SILT AND CLAY(-200) - 7 1  O/O S A T E .  09- 16-3 5 

c-10 

'/o SAND: - 

a 

a 



ZERO AIR VOID CURVES 

L O C A T  ION: 

H O L E  NO.:  85-06 D E P T H :  1.0' . S A M P L E  NO.: MD-779 

D E S C R I P T I O N .  sandy silt (ML) 
. DRY DENSITY: 111.2 PCF OPT. MOIST. CONTENT: 14.1 '/el 

O L r S T I C I T V  INDEX: 

O/c S A N D :  o/, SILT AN: :~nv( -200) :  52 01' - 

0 5 IO 15 20 2 5  30 35 

MOISTURE- DENSITY * 

RELATIONSHIPS 

GOODSON 8 ASSOC. INC. 
PROCEDURE: ASRl D-698 Method A 

JOB NO.: 6411.01 FIG. NO. 
I 

09-1 6-85 DATE:  

2.80 

2.70 

2.60 

MOISTURE CONTENT - PERCENT OF DRY WEIGHT 



M O I S T U R E  C O N T E N T  - P E R C E N T  OF D R Y  W E I G H T  

O C A 7  ION: M O I S T U R E -  D E N S I T Y  
IOLE NO.: 85-10 DEPTH: 1' SAMPLE NQ: ~ - 7 9 1  R E L A T I O N S H I  PS 

GOODSON & ASSOC. INC 

c-12 



L 
0 
Q 

I 
>- 
I- 
m 
Z 
W 
Q 

- 

> 
P 
a 

2.80 

2.70 

2.60 

MOISTURE CONTENT - PERCENT OF DRY WEIGHT 

LOCAT ION: MOISTURE-DENSITY 
HOLE NO.: 85-15 CEPTH: 2-37' SAMPLE NO.: MICS-83b 1 RELATIONSHIPS 
SOIL DESC .S I P T i 0 N : clayey silt (XL) GOOOSON €i ASSOC. INC. 
MAX. o w  OENSITY: 102.5 PCF OPT MOIST. CGNTElJT 19.7 '/e I PROCEDURE: ASm D-698 ?lethod r\ 

LlOUlD LIMIT: DLA.STIC!T~ INDEX i d 0 8  NC. 6k11.01 FIG. NO. 

sa AVEL: - S&'<Z :$ C I L '  2 N f .  : , r . r ' - ~ ~ ~ ;  - $2 ',; j C A T E  Q9-16-35 

C-13 



IL 
0 
n 

OCA'T ION: 

IOLE NO.: 85-16 DEPTH: 5.5-12' SAMPLE NO.: MKB-835 

; O I L  D E S C R I P T I O N :  s l i g h t l y  gravely silt 

OPT.  MOIST. CONTENT: 14 .9  o/o - ( A X .  DRY DENSITY: 1 1 3 . 7 P C F  

IOillD LIMIT:  PLASTICITY INDEX: 

;q L: *./ L . O/ yo SILT A N D  C L A Y ( - 2 0 0 1 :  82 O/o - - ,C  S A N D :  - 

ZERO A I R  VOID CURVES 

SPECIFIC - 
GRAVITY - 

S P E C l F l C  =. 2-60 

I 1  I I  1 1 1 1 1 1 1 1 1 1 1 1 1 !  1 1 1 ! 1 1 1 1 1 1  I \ I  h 

I l l  I I  I I  l l l l 1 1 1 1 1 1  I I I I I  1 1 1 1 ) 1 l 1 1 1  \ ' I  \ 
i l l 1  h I 804 I ' I I I I  

0 5 I O  15 20 2 5  30 3 5  

MOISTURE- DENSITY 
RE L AT I ON SH I PS 

GOODSON 80 ASSOC. INC. 
P R O C E D U R E :  ASTM D-698 Method A 

JOB NO.: 6411.01 F I G .  NO. 

DATE: 09-16-85 

2.80 

2.780 

MOISTURE CONTENT - PERCENT OF DRY WEIGHT 



L O C A T  ION: 

HOLE NO.: 85-17 DEPTH: 0-5' SAMPLE NO.: m - 8 3 0  

ZERO A I R  VOID CURVES 

0 5 10 IS 20 2 5  30 3s 

MOISTURE- DENSITY 
RELATIONSHIPS 

MOISTURE CONTENT - PERCENT OF DRY WEIGHT 

,iOUID LIMIT: PCASTlClTY INDEX. I JGE NC. 6411.01 
GRAVEL: 13 O/o SAND:  6 O/O SILT AN[! C L A v r - 2 0 c !  81 C/c i 2 L - E  09- 16-85 - - - 

FIG. NO. 



Z E R O  AIR VOID CURVES 

SPEClFlC - 2-80 
GRAVITY - 

SPECIFIC =- 2-60 

0 5 I O  I5 20  2 5  30 35 

A A X .  GRY DEMSiTY: 103 .3  P C F  OPT. MOIST. CONTENT: 19.0 Yo 
. 'OL'IC LIN.!T. P L A S T I C I T Y  INDEX: 

-7 &\'EL - e, 
IC sir.?. - '/e SILT AND C L A Y ( - 2 0 0 ) :  - 80 '10 -c - 

MOISTURE CONTENT - PERCENT OF DRY WEIGHT 

PROCEDURE: ASTM D-698 Method A 

JOB NO.: 6411.01 FIG. NO. 

DATE: 09-1 6- 8 5 

~~ 

. O C i T  ION: 

{ O L E  NO.: 85-18 DEPTH: 0-5' SAMPLE NO: MKB-833 
MOISTURE- OENSliTY 

RE L AT I ON SH I PS 

SOIL  D E S C ~ I P T I O N .  s a n d y  silt (ML) I GOODSON 8 ASSOC. INC. 



I 
>- 
I- 
v, z 
w 

- 
n 

LOCAT ION: , 

HOLE NO.: 85-19 DEPTH: 0-5' SAMPLE NO.: m - 8 2 8  

2.7 0 

M O I S T U R E - D E N S I T Y  
R E  L A T  I 0 N S'H I PS 

ZERO AIR VOID 'CURVES 

2.80 SPECIFIC - 
GRAVITY - 

SPECIFIC = 2-60 

0 5 IO 15 20  2 5  30 35 

IL DESCRIPTION: Sandy s i l t  (organics,  ML-OL) 

MOISTURE CONTENT - P E R C E N T  OF DRY WEIGHT 

GOODSON 8 ASSOC. INC. 

.JID LIMIT: PLASTICITY I NOE X: JOB NO. 6411.01 = I t  ':3 
I 



ZERO AIR VOID CURVES 

2.80 SPECIFIC - 
G R A V l f Y  - 

SPECIFIC = 2-60 

0 5 IO 15 20 25 3 0  35 

MOISTURE CONTENT - PERCENT OF DRY WEIGHT 

;OIL D E S C R I P T I O N .  gravelly silt (topsoil, OL) 
AAX. DRY DENSITY: 101. gPCF OPT. MOIST.  CONTENT: 18.9 % 

.IOUID LIM!T: 

- 0y.c 5 A ' ; :  -- 4: S ; L T A N D C L L \ Y ( - ~ O O ) .  71 70 ;R A\J E L 

PL LS T IC I T Y I NDE X . 

.OCAT ION: ' I  MOISTURE- DENSITY 

GOODSON 8 ASSOC. INC. 
PROCEDURE:  AS^ D-698 Method A 

JOB NO.:  6411.01 FIG. NO. 

D A T E :  09- 16-85 



ZERO A I R  VOID CURVES 

SPECIFIC - 
GRAVITY - 2-80 

SPECIFIC - 2.70 
GRAVITY 

- 

0 5 10 2 0  2 5  30 35 

LOCAT ION: 

HOLE NO.: 85-21 DEPTH: 0-3' SAMPLE NO.: m - 8 2 6  

DESCRIPTION: Silty sand (SM) 
. DRY DENSITY: 115.2 PCF OPT. MOIST. CONTENT: 13.6 '/e 

I 
I JID LIMIT: PLASTICITY INDEX: 

o/o SILT AND CLAYFZOO). 4 3  Yo - - yo SAND: - GRAVEL: 

MOISTURE CONTENT - 'PERCENT OF DRY WEIGHT 

M O I S T U R E -  DENSITY 
RE L AT1 ON SH I PS 

GOODSON 8 ASSOC. INC. 
PROCEDURE: ASTM D-698 idecnod A 

J O B  NO- 6411.01 = I t  KC 
D A T E '  09-16-85 
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l1Y DROMET E A  

L W  Q P I  
w ' W  3 0 R I N G  NQ LEGEND CL A S  SIF IC AT I ON n 

4-5000 NKB-839 I 0 - 2 '  s a n d y ,  g r a v e l y  s i l t  n e n d i x  C o r p o r a t i o n  

I --- 
-- 

I 

Drawn by: GOODSON 8 ASSOCIATES, BNC 
Engr. - I PROJECT NO. 6 4 1 1 . 0 1  I D W G .  NO. 

R e v i s e d :  GRAQATlQN CURVES 
CONSULTiNG ENGINEERS 



U. S. STANDARD SIEVE NUMBERS MY DROMET E R U.S.STANDARD SIEVE OPENING IN INCHES 

Orawn by: 

E n g r .  -_ 

6 4 3  

I O 0  

~ 

[T 
BORING NQ LEGEND EL.or0EPTl i  

+ 3 5 0 0  IHKB-840 I O - 1 . 5 '  

0 SO 10 100 140 ZOO 

50 10 5 0.5 0.1 60s 6.01 0:ms Q.001 
GRAIN SIZE MILL IMETERS 

I I I SILT  OR T I  GRAVEL SAND 
COARSE 11 FINE 1 COARSE 11 MEDIUM F I N E  

B e n d l x  C o r p o r a t i o n  
g r a v e l y  silt 

CONSULTING ENG IN E ERS 
I I GRADATION C 

- 



U.S. STANDARD SIEVE QPENING #IN IEICHE S U. S. STANDARD SIEVE NUMBERS HYDROMETER 

I 
I I 1 SILT  OR CLAY GRAVEL SAND 

COARSE F INE 1 COARSE I MEDIUM F I N E  
COBBLES 

BORING NQ LEGEND EL.orDEPTH 

+O HKB-841  0 - 2 '  
I 

I 

Drawn by: 

Enqr .  

R e v i s e d  : 
I 

L W  P 
W W CL AS SlFlC AT I ON n 

s i l t y ,  g r a v e l y ,  sand Dendix Corporation 

I --- 
I 

GOODSON 8s ASSOCIATES, IN(' 
DWG. NU. PROJECT NO. 6 4  1 1 . 0 1  '1 C 0 N S U LT'I MIG EN GI N E ERS 

GRADATION CURVES 
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L I L 
U S .  STANDARO SIEVE OPENING IN INCHES U. S. STANDARD SIEVE NUMBERS HYDROMETER 

I COBBLES 

IORING NQ LEGEND EL.orDEPTH 

+ 2 0 0 0  MKB-843 0 - 2 '  

Drown by: 

E n g r .  

R e v i s e d :  

n w L  P P I  
W CL ASSlFlC AT ION 

s i l t y ,  s l i g h t l y  B e n d i x  Cor p o  e a  t i o n  

~ r e v e l v .  s a n d  

--- -- 

GOODSON 81 ASSOCIATES, IN( 
CONS~JI-TING ENGINEERS PROJECT NO. 6 4 1 1 . 0 1  DWG. NO. 

GRADATION CURVES 
I_-- 



ROGERS AND ASSOCIATES ENGINEERING CORP. 

May 7, 1986 

SUMMARY OF GEOTECHNICAL TEST RESULTS 

on BFEC Uranium Mill T a i l i n g s  and Borrow S o i l  Samples 

Standard Proctor Test 
(ASTM-D698 ) Specilfic Gravity 

~ c m 3 )  
( ASTM -D 8 54 ) Sample 

MKB-780 

Optimum Moisture Max. Dry Density 

15.3 107.1 -- 
MKB . 782 15.5 103 . 6 

107.6 

2.70 

MKB - 784 13.2 2.67 

MKB-786 15.3 113.8 2.60 

MKB - 788 

~ ~ ~ - 7 9 0  

13.0 

28.3 

102.9 

94.6 2.70 

MKB-792 12.4 110.4 

94.5 i'4KB - 7 9 3 

HKB-834 

26.3 2.76 

2.66 

C-26 



SUMMARY OF MOISTURE DENSITY RELATIONSHlP TESTS 

QIN 

1 

PROJECT Uranium Tailings Monticello, Utah Site 108 no. T86-2511 

I I J 

?XB - 780 15.3 107.1 AS= D-698 A 2511-1 

, , 

Assumed Gc = 2 . 4 5  

> a n 

108 

104 

100 

12 14 16 18 

MOlSTURE CONTENT - ?Z DRY WEIGHT 
20 

SOUACll 

MOISTURE-OENSITY RELATIONSHIP TEST METHOD DATA 
AASH(f0 199 end A S r M  0598 (Srondord Proctor) 



? SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS 

PROJECT Uranium Tailings Monticello, Utah S i t e  J O B N O .  T86-2511 

, 

> 
0 
a 

p- yIxycyoR* T m  TeST L A  8 
NO.  Q1m SOURCL aDm c€r(spI 

t m w c  L5.l.cLJ.n. -A- I 

2 MKB - 782 15. 5 103.6 AS'Rf 0-698 A 2511-2 I 

I 
I 

. 

98 

G = 2 . 4 9  
S 

10 12 14 16 18 20 - 
MOISTURE CONTENT - P. DRY WEIGHT 

C-28 



SUMYARY OF MOISTURE DENSITY RELATIONSHIP TESTS 

I 

3 t?KE - 784 13.2 107.6 ASm D-698 I A 2511-3 

, 

I , - 

PROJECT Uranium Tailings Monticello, Utah Site JOB NO. ~ 8 6 - 2 5  I 1 

* 

a z 
w e 
> a n 

1 PO 

106 

102 

8 10 12 14 16 

MOISTURE CONTENT - % DRY WEIGHT 
I 

SOUICL: 



. 
SUMMARY OF MOISTURE DENSJTY RELATIONSHIP TESTS 

G = 2 .60  s- 

t 
si z 
Lu 
0 
> a n 

106 

IO 12 14 16- 

MOISTURE CONTENT - % DRY WEIGHT 

SOURCL 

I 

4 MKB - 786 1 15.3  113.8 

I 

13 

c-3 0 



SUlaMARY OF MOISTURE DENSITY RELATIONSHIP TESTS 

13.0 

PROJECT Uranium Tailings Monticello, Utah S i t e  JOB NO. T86-25 I 1  

102.9 1 XSTX 0-698 A 12511-5 

I 

Assumed Gs = 2.40 - 

5 

104 

100 

. 96 

MKB - 788 

LO 12 14 16 

MOISTURE CONTENT - ?5 DRY WEIGHT 
I I 

SOURCIL I=-l 
t I 

1 
I 

I I I I 

e-3 1 



SUMklARY OF MOISTURE DENSITY RELATIONSHIP TESTS 

PROJECT Uranium Tailings Monticello, Utah Site 108 NO. T86-15! 1 

G = 2.70 
s- 

96 

92 

88 

2 1  26 28 30 

MOISTURE CONTENT - S DRY WEIGHT 
32 

sauacz 

- C-32 



SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS 

PROJECT Uranium Tailings Monticello, Utah S i t e  JOB NO. T86-2511 

Assumed G = 2.40 
s- 

> a a 

112 

I oa 

I04 

a I10 12 14 

MODSTURE CONTENT - % DRY WEIGHT 

(16 

c-33 



SUMMARY OF MOISTURE DENSITY RELATlOHSHllP TESTS 

PROJECT JOB NO. T86-2511 a) Uranium Tailinns vonticello, Utah S i t e  

C = 2.76 
S 

96 

> a a 
88 

22 24 26 28 30 

MOISTURE CONTENT - SL DRY WEIGHT 
1 

E%%s ~ x - ~  Iw m L A B  
t O a r W Z  LWCLLcf. QTroIT oasr r f  YO. 

8 M(B - 793 26.3 94.5 ASTY D-698 A 2511-8 

--*- umoo a#- SOUACt 

I 

L! 

c-34 



Appendix D 

Table D-1. I p S i t u  Neution Moistrue Probe Data 

Depth iFrm Yoi sturs 
Location Surf ace (% volume) 

( f t )  

East Tai l inas P i l e  
Borehole 85-07 
( t o t a l  depth = 19'0'') 

Acid Tailinns P i l e  
Borehole 85-10 
( t o t a l  depth = 17'4") 

2 
3 
4 
5 
6 
9 
8 
9 
10 
11 
12 
13 
11 
15 
16 
17 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

8.4 
7.3 
8 -6 
26 e 1  
7.6 

44 07 
52 .0 
50.9 
55,2 
50.8 

50.8 
48.1 
40.9 

54 03 

51  .3a 

42.6 

9 -4 
8.4 
13 -4 
21.3 
19.2 
14.9 
11 .2 
9.9 
11.8 
11 -6  
If -9 
31.1 
40 .5 
25 -8 
19.8 



Table D-1 (continued). In-Situ Neutron Moisture Probe Data 

Depth From Moisture 
Loca ti on Surf ace (% volme) 

( f t )  

Carbona t e  Tai l  inns Pi1 e 
Borehole 85-02 
(total depth = 18'11") 

Vanadium Tai l inns  Pi le  
Borehole 85-04 
(total depth = 19'0") 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 . 
13 
14 
15 
16 
17 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 

9 e5 
7 08 

12.5 
15 -1 
15.6 

9 *s 
6 -7 
6 . 3  
7 .2  
9 a 7  
8 c.5 
6.2 
5.9 
6 . 9  
6 . 7  
5 .5  

8.9 
17.3 
24.8 
17.8 
11.2 
42.5 
50 .O 
so .2 

51.7 
51.8 
52.8 
52.8 
47.7 
47 .o 
49.3 

51  03 

D-2 



Appendix E 

EAMM DIFFOSI4M TEST D ATA 

Radon diffusion t e s t e  were perforsned on test-pit  samples of the ta i l ings#  
peripheral property so i l s .  and borrow materials by Rogers and Associates 
Engineering Corporation, Sa l t  Lake City. Utah. The test ing was perfozmed ia 
accord with U. S. Nuclear Bcgulaoory Commision, NURWCg-2875, 



Oi 
Rogers & Associates Engineering Corporation 

R 
A 
E Post Office Box 330 

Sdt  lake City. Utah 841 10-0330 

r 

(801) 263-1600 

May 7, 1986 

Bendix Field Engineerin Corp. C86 I3 
ATTN: Receiving Dept. s P.O. 24357) 
P.O. Box 1569 
Grand Junction, CO 81502-1569 

Gent1 emen : 

Enclosed are the results o f  t h e  48 radon diffusion tes t s  on uran 
ings; 18 radon d i f f u s i o n  t es t s  on peripheral1 soils,  16 radon d i f f u s i o n  
tests on borrow materials; 8 proctor compaction tes t s ;  and  six specific 
gravity measurements t h a t  you requested. I n  a d d i t i o n ,  we have performed 
an a d d i t i o n a l  12  radon d i f f u s i o n  measurements on the peripheral soil sam- 
ples i n  lileu o f  compositing th i s  s e t  o f  samples t o  three. There w i l l  be 
no charge for these extra 12  diffusion tes t s ;  their results a re  also 
enclosed. 

As noted on some o f  the d a t a  sheets, t h e  specified moistures exceeded 
drainage limits, and visible moisture heterogeneity was noted. 
have affected measurement accuracy in these cases. 

This may 

.These deliwrablles complete o u r  work u n d e r  your P.O. 124357 and i t s  addendum. 
Please call me i f  there are any questions on  any o f  these results. 

Sincerely yours, 

Kirk K. Nielson 
Vice President 

KKN/b 

a 

e 
E-2 



Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DlFFeDSlON TEST METHOD 
RAE-SQAP-3-61 

REPORT D A T E  May 7 ,  1986 

CONTRACT c-8613 

RY B 
* B Y  

Urani urn Ta i  1 i ngs MKB-780 
S AMP LE IO EN Tl  FlC A T 10 H 

Bendix Field Engineering Corporat ion 10-Ma r-86 DATE RECEIVEO 

SAMPLE NUMBER ' 

BASED ON A SPEClFlC GRAVITY OF 

A 
E POST OFFICE EOX 330 

SALT U K i E  CITY 0 UTAH 8-8130 
(801) ?63-1600 

E-3 



Rogers & Associates Engineering Corporation 

MOISTURE OEHSlTY O1fmSION SATURATION' 
(DRY w.%) ( g / c m 3 )  COEFF- ( e m 2 / , )  (hip/? 1 SAMPLE NUMBER 

MKB-782 I 5 . 2  1 .51  3 . 0  E-2 0.19 

MKB-782 5 . 5  1 .50  2 . 4  E-2 .19 

MKB-782 14.8 1 .49  2.1 E-2 .49 

MKB-782 14.8 1.50 7 . 7  E-3 -50 

I 

MKB-782 23.0 1.52 4 . 1  E-6 -79  

REPORT OF RADON DIFFUSION 
C OE FF IK I EN T ME A S  U R EM E NT S 

(TIME-DEPENDENT DIFFUSION T E S T  METHOD 

COMMENTS 

Mo i s tu re 
Ora  i naae 

c 

I 

May 7 ,  1986 RAE-SQAP-3.6) 
REPORT O A T E  

I I 

CONTRACT c-8613 

RY 8 BY 

POST OFFICE BOX 330 
SALT LAKE C R Y  UTAH 84110 

f R O l )  2tj3-16m 

A "a 
E-4 



Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION 
COEFFIICKENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSION TEST METHOD 

Hay 7, 1986 
RAE-SQAP-3.6) 

REPORT O A T €  

RYB B Y  

Uranium Tailings MKB-784 SAMPLE IOENTIFlCATlON 

S U B ~ ~ T T E ~  B y  Bendix F ie ld  Engineering C o r p o r a t i o n  o A r ~  R E C E ~ V E O  10-Mar-86 - 

SAMPLE NUMBER 

POST OFFICE 801 330 
SALT LAKE c m  U T A H  84110 

(801) -s-16W 

A 
E 

E-5 



Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSION TEST METHOD 

Nay 7 ,  1986 
RAE-S QAP-3.6) 

REPORT D A T E  

CONTRACT c-8613 

RY 8 BY 

Uranium Tailings MKB-786 SAMPLE IDENTIFIC A TlON 

10-Mar-86 B y  Bendix Field Engineering Corporation DAE RECEIVEO 

SAMPLE NUMBER 

MKB-786 

1 MKB-786 
I 

YKB-786 

14 KB - 7 86 

1 MKB-786 

I MKB-786 

4.2 1 .65  2 . 7  E-2 0.19 

4.4 1 .65  2 . 6  E-2 .20  I 
10.5 I 1.65  I 2 . 1  E-2 I . a7 I 

L 
I 

17.0 1 .65  1 . 2  E-3 . 7 7  I 
18.0 I 1.64  1 . 6  E-3 .80 

10.6 ’ 1.65  1 . 8  I€-2 -48 
, 

I , 

I 

I 

‘EASED ON A SPEClFlC GRAVlTY OF 2-60  g/Cm3. 

POST OFFICE BOX 330 
SALT U K E  CITY UTAH 8JLLO 

(801) 2(i3.L6cQ 

E-6 

c 



Rogers .& Associates Engineering Corporation 

REPORT OF R A D O N  DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSION TEST METHOD 
RAE-SQAP-3.6) 

R E P O R T  D A T E  May 7, 1986 

CONTRACT c-8613 

RY 8 BY 

S A M P L E  IOENTIFICATION Uranium Tailings MKB-788 
S ~ ~ M ~ T T E ~  Bendix Field Engineering Corporation DATE R E C E ~ V E ~  10-Mar-86 

SAMPLE NUMBER 

POST OFFICE BOX 330 
SALT LAK& CITY WTAH 84110 

(801) za-1600 

A 
E 

E-7 



., Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION 
C 0 EF F I C 1 EN T M E A S U R EM ENTS r 

(TIME-DEPENDENT DIFFUSION TEST METHOD 

May 7, 1986 R A E'- S Q A P-3.6 I 
REPORT D A T E  

CONTRACT c-8613 

RY 8 BY 

Uran i urn Ta i 1 i ngs MKB-790 
SAMPLE lOENTlf lCATlON 

10-Mar-86 
SUBMITTED B y  Bendix F i e l d  Engineering Corporat ion DATE R E C E ~ V E O  

SAMPLE NUM 

l 

a~~~~~ ON A SPECIFIC GRAVITY OF 2.70 Q I C ~ ~ .  

PO= QFFICE BOX 230 
S&T U K . E  CITY UTAH 84110 

(801) 333-1600 

E-8 



Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIM E-0 EP EN D ElNT D 1 FFU S IO N TEST M ETH 0 0 

May 7 ,  1986 R E P O R T  D A T E  
RAE-SQAP-3.6) 

C O N T R A C T  c-8613 

RY 8 BY 

SAMPLE IO ENTlFlC A TI 0 H Uranium Tailinas MKB-797 
s ~ ~ ~ ~ T T ~ ~  B y  Bendix Field Engineering Corporation DATE R E C E ~ V E O  10-Flar-86 

I 

BASED ON A SPECIFIC GRAVITY OF 7 .63  g/cm3* a 

POST OFFICE BO1 330 
SALT U K E  CWY * UTAH 84310 

($0301) 2f53-1600 

A 



Rogers & Associates Engineering Corporation 

REPORT OF R A D O N  DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIlFFUSION T E S T  METHOD 
RAE-SQAP-3.6) 

May 7 ,  1986 REPORT D A T E  

C O N T R A C T  c-8613 

RY B BY 

Uranium T a i l  ings MKB-793 SAMPLE IOENTfFiCATtON 

10-Ma r- 86 S U B M f T T E D  BY Bendix Field Engi neer i  nq Corpora t ion  DATE R E C E I V E D  

SAMPLE NUMBER 

I 
I I I 

b 

R 
A 

aASEO ON A SPEClFlC GRAVITY Of 2-76 g / C m 3 .  
a 

POST OFFICE BOX 330 
SALT U K E  CITY U T A H  8.1 L LO 

(801) 263-1600 

E r l O  



. 
. 

Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSION TEST METHOD 

Hay 7 ,  1986 RAE-SQAP-3.6) 
R E P O R T  D A T E  

C O N T R A C T  c-8623 

RY 8 B Y  

Peripheral Soi 1 MK8-827 SAMPLE. IDENTIFICATION 

10-Har-86 SUBMITTED Bendix Field Engineering Coruoration DATE RECEIVED 

SATURATION 
SAMPLE NUMBER 

BASED ON A SPECIFIC GRAVITY OF 3 60 gicrn3. w a 

POST OFFlCE BOX 330 
SALT U K E  CITY UTAH 84110 

(801) 263-1600 

A 
E 



Rogers & Associates Engineering Corporation 

REPORT OF R A D O N  DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSION TEST METHOD 

May 7, 1986 RAE-SQAP-3.6) 
REPORT DATE 

c 

CONTRACT c-8013 

RY B B Y  

SAMPLE IOENTIFlCATtON Peripheral Soil MKB-829 

SUBMITTED Bendix F i e l d  Engineering Corpora t ion  DATE RECEIVED 
1 0 - M a r 4  

I 

I I 

BASEO ON A SPECIFIC GRAVITY OF 7 - 6 1  g1cm3.  R a 

POST OFFICE 6 0 X  330 
SALT LAKE C f i l  UTAH 84110 

(801) 263-1600 

E-12 



Rogers & Associates Engineering Corporation 

REPORT OF RADON DOFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSIION TEST METHOD 
R AE-S Q AP-3.6 I 

May 7 ,  1986 REPORT DATE 

C O N T R A C T  c-8613 

RY B BY 

Peripheral Soi 1 MKB-831 
SAMPLE lDENTlFlCATlON 

sUaMITTED B y  Bendix Field Engineering CorPoratiOn DATE RECEIVED 10-Mar-86 

SAMPLE NUMBER 

BASE0 ON A SPECIFIC GRAVlTY O f  2-63 g/cm3. 
a 

PO= OFFICE BOX 330 
SALT LAKE CITY a U T A H  5.1110 

(801) 3s16aJ 

A 
E 



Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSION TEST METHOD 

MW 7 ,  1986 
RAE-S Q AP-3.6) 

REPORT DATE 

C O N T R A C T  c-8613 

RY 8 BY 

Peripheral Soil MKB-832 SAMPLE IDENTIFICATION 

IO-Mar-86 
SUBMITTED B y  Bendix Field Engineering Corporation DATE RECEIVED 

E-14 



Rogers & Associates Engineering Corporation 

I 

REPORT OF RADON1 DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSION TEST METHOD 
R A E-S Q A P -3 -6 I 

REPORT D A T E  May 7 ,  1986 

CONTRACT c-8613 

RY B 8 Y  

Peripheral Soi 1 MKB-837 SAMPLE IDENTIFICATION 

IO-Mar-86 sUBMITTED BY Bendix Field Engineering Corporation DATE RECEIVED 

-- 

SAMPLE NUh46ER L== 

BASED ON A SPECIFIC GRAVITY OF 2 - 6 2  g i c r n ~ .  a 

POST OFFICE 9olc 330 
SALT U K E  CWY 0 UTAH 84110 

(801) o&-1600 

A E 



Rogers & Associates Engineering Corporation 

REPORT OF RADON DIFFUSION 
COEFFICIENT MEASUREMENTS 

(TIME-DEPENDENT DIFFUSION TEST METHOD 
RAE-SQAP-3.6) 

REPORT D A T E  m y  7 ,  1986 

CONTRACT c-8623 

RY 8 8 Y  

Borrow Material MKB-834 

s~~~~~~~~ B y  Bendix Field Engineering Corpora t ion  D ~ T E  R E C E ~ V E ~  10-Ma r-86 
SAMPLE IOENTlFlCATlON 

SAMPLE NUMBER 

R 
A 
E 

BASE0 ON A SPECIFIC GRAVITY OF 2*66 g /cm3.  a 

POST OFFICE BOX 330 
SALT LAKE CITY UTAH 84110 

(801) 2133-1600 

E-16 



Rogers & Associates Engineering Corporation 

REPORT OF R A D O N  DIFFUSION 
CQEFF%CIENT MEASUREMENTS 

(TKME-DEPENDENT DIFFUSION TEST METHOD 
W A E-*S Q AP -3.6 I 

REPORT 7 *  1986 

CONTRACT c-8613 

RY B BY 

Borrow Material MKB-835 SAMPLE IDENTIFICATKON 

10-Mar-86 SUBMITTED By Bendix Field Engineering Corporation OATE R E C E ~ V E D  

SAMPLE NUMBER I 
MKB-835 

MKB - 83 5 

YKB-835 t-- "! KB -a3 5 

HKB - 83 5 

!l KB - 83 5 

BASED ON A SPEClFlC GRAVITY O f  2-61 g/cm3.  a 

POST OFFICE BOX 330 
SALT U K E  cry  UTAH 94110 

(861) -S-L600 

E-17 


